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Although null hypothesis statistical testing (NHST) is the dominant method for quantitative data
analysis in foreign language learning research, it is a misused and inappropriate methodology. A
brief outline of some of the problems with this methodology will be presented along with some
suggestions on alternative data analysis methods that can either supplement or replace NHST
and ideally contribute to better research practices in foreign language learning research.

NEEFBEHRICHITDENT — 2 DR AEE U TRSTEURSRE DL BLS N TWASHN COHZEIFRANZ GE
TEFWRGEW NEEF BRI CRETINREZ BV 2BEOMERIC DOV COBEMREDR R Z MO E BHLIER
BTEDT 2T L RELENSERICGH S, COHEHRIE KW RVNEERFBAREREL W ETEREGS
TH5,

here is a recognition of the weaknesses and the misuse of the traditional null

hypothesis statistical testing (NHST) methods that tend to dominate quantitative
research in language learning research (as well as in education, psychology, and other
related disciplines). Critiques of the orthodox quantitative research methodology have
a long history within the psychology and education fields, from seminal papers such as
Rozeboom (1960), Meehl (1967), and Cohen (1994) through to book-length expositions
(Harlow, Mulaik, & Steiger, 1997; Kline, 2004). Discussion in the L2 or foreign language
learning (FLL) fields has been somewhat more sporadic, however recently we have seen
an ongoing dialogue about the need for reform in statistical methods used for research.
Recommendations include augmenting or even replacing the NHST with confidence in-
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tervals (Cls) and effect sizes and a greater emphasis on the graphical presentation of data.
Other issues relate to how the parametric tests that are often used to test data may not
be appropriate in many instances, especially in studies with small sample sizes. Nonpar-
ametric tests (Turner, 2014); what Cumming (2012) refers to as the new statistics of Cls,
effect sizes, and meta-analysis; and techniques such as bootstrapping (LaFlair, Egbert, &
Plonsky, 2015) or robust statistics (Larson-Hall & Herrington, 2009) are all positioned

as useful alternatives to NHST practices (Norris, 2015). One useful tool that may help
researchers better move towards realising these recommendations is the R statistical
environment for computing (R Core Team, 2017).

What Is the Problem?

For many years, quantitative research in the FLL/L2 field that was aimed at identifying
how groups of learners respond to differing learning treatments has focused on NHST
outcomes. There are many well-documented arguments against the NHST approach
(Cohen, 1994; Harlow et al., 1997; Kline, 2004; Meehl, 1967; Rozeboom, 1960), and one
of the dominant critiques is about how the outcomes of the tests are often interpret-
ed. The standard approach to carrying out such tests is to set a null hypothesis of no
difference between the means of the samples under study at a suitable level of proba-
bility—usually p = .05. Then, once the data are collected and have met the appropriate
assumptions for the test to be used (usually, having been drawn from a random sample
representative of the population under study and representing a normal distribution),
the statistical test is run and based on the outcome of this test, a decision is made to
either accept or reject the null hypothesis. However, what seems to be often misunder-
stood by many researchers reporting the outcomes of significance tests is that a statis-
tically significant result means only that the test has quantified the probability of the
observed data or of more extreme data given that the null hypothesis test is true (Fidler
& Loftus, 2009; Gigerenzer, Krauss, & Vitouch, 2004; Norris, 2015). Nothing has been
found out about the probability of the hypothesis itself, and therefore the results of the
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hypothesis test do not allow the researcher to make comments on the probability of
the null or alternative hypothesis. Gigerenzer et al. (2004) reported this as a commonly
encountered misunderstanding amongst psychology researchers and it is likely that this
same kind of misunderstanding persists in FLL/L2 research, as acknowledged by Norris
(2015), who noted that “statistical significance testing is probably not well-conceived or
accurately interpreted in much L2 quantitative research to date” (p. 1006).

A second criticism levelled at the NHST is that the null hypothesis can never be true
because no two samples are ever exactly the same, so given a large enough sample size, it
is possible to reject the null hypothesis (Kirk, 2007; Meehl, 1990; Plonsky, 2015).

Another problematic outcome of the statistical test(s) of data in this kind of situa-
tion is that the results present a pass-fail dichotomy based on a p statistic that implies
research is an all-or-nothing endeavour wherein the aim is to break the elusive p < .05
barrier. In other words, the conclusions of the research are based on a statistical signif-
icance, which in many instances does not allow for extrapolation to substantive or practi-
cal significance. This may also lead to a bias in reporting practices that ignores results
that do not reach the required p value even if these results have real-world significance.
Furthermore, in many instances this kind of research is reported with little indication
of considerations of the assumptions of the testing statistic being used, casting doubt
on the veracity of the research report itself. There has been a promisingly growing call
for changes to how quantitative research is assessed and reported in the L2 or FLL fields
(see for example, Brown, 2015; Larson-Hall & Herrington, 2009; Norris, Plonsky, Ross,
& Schoonen, 2015), mirroring similar recommendations in education and psychology
research. These include

a commitment to calculating and reporting effect sizes,
a recognition of the importance of reporting Cls,

a call for better reporting practices regarding descriptive statistics and more graph-
ical presentation of data, and

increased use of alternative statistical techniques such as robust statistics or non-
parametric tests.

However, reform cannot happen without practice, and perhaps one barrier to reform
is ongoing publication practices; another may be statistical illiteracy amongst L2/FLL
researchers. What appears to be the dominant computer package used for data analysis
in SLA and applied linguistics—SPSS (Loewen et al., 2014)—may also play a role here, as
users may select default options when running an analysis using SPSS without thinking
about—or understanding—exactly what they entail. One critique levelled at SPSS relates
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to its black box nature (Uprichard, Burrows, & Byrne, 2008); one can run a test on data
without really understanding exactly what the test requires and if it is exactly what one
should be doing with the data. Plonsky and Gonulal (2015) noted problems with the use
of factor analysis in published L2 research, which they partly attribute to researchers
likely choosing the default options of statistical packages in cases where these are not
appropriate, but because they are set as the “default” it is assumed they are the ones

to be used in the analysis (see also Uprichard et al., 2008). Another argument is that as
SPSS made statistical data analysis “easier” there was a shift in the approach to teaching
quantitative methods:

Ineffect, priortothearrival of SPSSonthe PC, there had been alot more concentration
on both the philosophical nature of data—qualitative and quantitative—and with
it, the role of the researcher in interpreting and constructing quantitative data. In
contrast, post-1980s quantitative pedagogy places more time and focus on the out-
put than the labours of the researcher. (Uprichard et al., 2008, p. 611).

Combined with low statistical literacy amongst language learning researchers (Loewen
et al.,, 2014), this is likely to lead to a condition in which researchers will use what they
are familiar with but may not be aware of alternative approaches or recommended best
practices; reviewers of articles for publications may not be willing to question quantita-
tive research methods due to a limited understanding of the techniques involved. So the
status quo is perpetuated. Brown (2015) presented a number of reasons why language
researchers should learn advanced techniques, and one step in this process is acquiring
suitable tools to help with learning. One of his points was that learning about these
statistical techniques may motivate researchers to learn how to use the R statistical
environment, as this is probably the best tool for the process. 1 certainly agree with this
perspective and would go further to argue that R can help researchers better understand
their data, analyze it, and recognize what exactly they should report.

What is R?

R is an open-source statistical computing system. Being open-source means that, unlike
commercial systems such as SPSS, R is free for anyone to download and use. Users and
developers have contributed a large number of packages that can be plugged into the
basic framework to extend its functionality as required. More recent development has
also seen the introduction of packages for qualitative research, such as text-mining and
corpus analysis. These open up the possibility that R may also be, or develop as, a viable
alternative to commercial qualitative analytic tools such as Nivio.
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R runs on all major computing platforms and requires nothing more than an Internet
connection to download the required software and time to ensure that the researcher
understands what he or she is doing when carrying out a particular statistical analysis.
Because R requires entry of commands directly (i.e., it does not have a built-in graph-
ical-based interface like SPSS, but packages do add this functionality), it does have a
learning curve, but this is also useful in that it encourages users to think about their data
and what exactly they want to get out of it. At least in my own experience, learning to
use R has been very helpful in clarifying the stages of the data analysis and the outcomes
obtained. These include

exploring the data collected in research in the preliminary step,
testing for assumptions required of traditional tests,

recognizing the need to choose alternative options in cases when the assumptions
are not met,

understanding why these alternatives are appropriate, and finally

generating more explanatory indices than just a measure of statistical significance
(a p value) to help better explicate the outcomes of the research.

An Example Analysis

An example may help to demonstrate. For this purpose, a data set taken from Turner
(2014, p. 162) will be utilized. This fictional data set is made up of test scores of children
whose parents had received coaching on how to help with their homework and test
scores of children whose parents had not received coaching. Because the data are from
two independent groups (each with n = 40) and the comparison is focused on a single
variable (test scores), the method of analysis selected by most researchers to test for any
difference of means would likely be an independent ¢ test. We want to test the null hy-
pothesis of no difference in test scores between the two groups and set the alpha level at
.05. This alpha level represents the likelihood of a type 1 error that one is willing to accept
with the test—that is, the likelihood of making a claim about the outcome of the data
being due to some intervention when in fact any difference between the samples is due
to chance or sampling error. This alpha level needs to be decided prior to running the ac-
tual statistical analysis. Once the data have been entered into R (see Appendix), the t test
can be performed as follows (the dependent variable is score, the independent variable is
coached, and data is the data set containing the variables to be tested):

t test(score ~ coached, data = graphtxt).
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This produces the result ¢(71.63) = 3.22, p =.0196. Recalling that this tells us the likelihood
of our data given the null hypothesis, what we have found is an approximately 2% chance of
getting the pattern of data observed in the sample under test if the pattern does not exist and
the null hypothesis of no difference between the means of the sample is true (Norris, 2015).
What we cannot say from the result is anything about the probability of the null hypothesis
being true or false, or the probability of any alternative hypothesis being true.

The result of the statistical significance is of little use in showing if there is any difference
between our two groups attributable to the different conditions. As well as being not par-
ticularly helpful, there are some other issues that need to be addressed. One is that the data
have not been checked to confirm if they meet the assumptions required of a ¢ test. Classi-
cal tests like ¢ tests, ANOVA, and regression are based on the assumption that the data are
from a normal distribution and are homogeneous. Violating these assumptions could result
in the test in question failing to report results for which it was originally designed—for
all intents, it may mean the researcher is carrying out an empty exercise that may or may
not have any statistical significance, let alone any practical (or substantive) value. This is a
well-discussed area in literature on research methodology, with some arguing that clas-
sical statistical methods used to analyse data are robust enough to deal with violations of
normality and so forth. However, the argument is unresolved, and best practices would
suggest that when choosing a particular statistical test for analysis, one would ensure that
normality and homogeneity are addressed as part of the rationale for the choice of the test
(Norris et al., 2015). This not only makes it easier for editors and reviewers to judge the
appropriateness and validity of the chosen methodology but also for the intended audience
to better draw informed conclusions from the research. Using an R package such as psych
or pastecs allows for easy calculation and reporting of descriptive statistics, including skew
and kurtosis, both of which are useful in indicating whether or not the data represent a
normal distribution (Brown, 2016). Another way to check the normality and homogene-
ity of the data is with the Shapiro-Wilk test and Levene’s test respectively (see, e.g., Field,
Miles, & Field, 2012, or Turner, 2014), however there are some problems with these two
tests when working with large samples (Field et al., 2012), as well as other issues that may
influence their results (Erceg-Hurn & Mirosevich, 2008). Best practice would suggest not to
rely solely on these methods when checking assumptions, but rather to augment them with
plots of the data along with details of the skew and kurtosis of the sample. In the case of the
t-test example, the pastecs package (Grosjean & Ibanez, 2014) can be used to provide de-
scriptive statistics (see Appendix for the code for this, as well as subsequent routines). The
key information from the resulting output is presented in Table 1. A careful reading of the
data shows it is more informative than the results of the ¢ test above, with higher mean and
median scores and less variability for the coached group, suggesting that the coaching con-
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dition may contribute to higher scores. For our immediate purposes, what should be noted
are the columns labelled skew.2SE and kurt.2SE. 1f the values for these are above 1, it means
the data are likely not normally distributed. Also look at the norm test columns, displaying
the results of a Shapiro-Wilk test of normality—in this case there is a statistically significant
result for the noncoached data that suggests the data are from a nonnormal population and
therefore do not meet the assumptions required of a t test. Although the skew and kurtosis
figures are both below 1, the kurtosis is quite high, suggesting the data are clustered around
the lower or upper limits.

Table 1. Descriptive Statistics for the Example Data Set

M norm norm
Type n (SD) Mdn 95% C1 skew.2SE  kurt.2SE  testW  test.p
Coached 40 85.25 85.00 [83.41,87.1] 0.22 -0.57 097 46
(5.768)
Non- 40 80.3 79.00 [77.79,82.81] 0.28 -0.97 091  .004
coached (7.845)

Recalling the caution above about solely relying on the Shapiro-Wilks test to check
assumptions, an additional check can be performed by plotting the data with a Q-Q plot
or a histogram to see if it is normally distributed (see Appendix for code). The plots are
given in Figure 1; it appears that the distribution is not normal, skewed instead towards
the lower scores.
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Histogram of non-coached data
Normal Q-Q Plot

0.08-

Sample Quantiles
density

Theoretical Quantiles 70 7 8 & %

Figure 1. Q-Q plot and histogram for example data.

Levene’s test can also be performed to test for the homogeneity of the data—or to
see if the variances are equal. The results in Table 1 would suggest that they are not, as
indicated by the difference in the standard deviations. To run Levene’s test, the following
code is executed:

> leveneTest(graphtxt$score, graphtxt$coached, center=median)

with the resulting F = 7.705, p =.007, which can be interpreted as showing a difference
between the variances.

Overall, then, the evidence suggests that carrying out a standard t test is inappropri-
ate. In this case, if the researcher wishes to carry out a test of statistical significance, the
options are to use either a nonparametric test or to use robust statistics. Nonparamet-
ric tests, such as the Mann-Whitney test, the Wilcoxon rank-sum test for independent
samples, or the Wilcoxon signed rank test for paired samples can be used as alternatives
to the t test, and the Kruskal-Wallis and Friedman’s test can be used in place of ANOVA
(Field et al., 2012; Turner, 2014). As the two samples from the data in the example are
independent, the Wilcoxon rank-sum test is appropriate; this test calculates the differ-
ence between the samples based on the medians rather than the means. The command
toruninRis
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> wilcox.test(score ~ coached, data = graphtxt, paired=FALSE, exact=FALSE,
correct=FALSE)

and the outcome shows that the coached students (Mdn = 85) had a significantly higher
score than the noncoached (Mdn = 79), W = 1089, p = .005.

Robust statistics are an alternative to nonparametric tests (Field et al., 2012; Lar-
son-Hall, 2015; Larson-Hall & Herrington, 2009); they are seen as preferable to nonpar-
ametric tests in a number of areas (Erceg-Hurn & Mirosevich, 2008; Mair & Wilcox, ca.
2016). In R, the WRS2 package is one option for running robust tests. For the example
data, a robust version of the t test based on Yuen’s method can be used (Mair, Schoenbro-
dt, & Wilcox, 2016). The code should be familiar:

> yuen(score ~ coached, data = graphtxt)

In this case, a version of the test with a 20% trimmed mean is being performed, and the
outcome is t(39.3) = 2.55, p = .015.

As with the previous two versions of the t test, the results provide the probability
of the data given the null hypothesis. However, this still does not provide any helpful
information regarding the difference between the two test samples. To better understand
whatever differences may exist between the two experimental groups, we can look at
effect sizes, confidence intervals (Cls), and visual plots of the data. In regards to the latter,
one particular strength of the R statistical package is its exceptional plotting functionali-
ty, extremely useful in helping with exploration and analysis of data.

Graphing in R: Ggplot

Although R has good basic graphing and plotting functionality, the ggplot2 package
(Wickham, 2009) extends this substantially, allowing the user to build explanatory-rich
plots of data. Graphical representation of data is especially useful for displaying large
amounts of information in a way that is immediately and easily understandable (Hudson,
2015). Although a number of quite complex graphs and diagrams provide the potential

to transmit detailed information, the main types of graphs used in the major L2 journals
are the relatively simplistic line graphs and grouped bar charts (Hudson, 2015) perhaps
because these are the easiest to produce in SPSS or Excel. Of course, if used appropriate-
ly these kinds of graphs can be very informative, especially if Cls are included. Figure 2
provides an example of a simple line graph with 95% Cls made using the example data set
that we have been working with. 1t should be clear from Figure 2 that there is a difference
between the means of the two groups, and the length of the Cls indicates greater varia-
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bility in the noncoached group. The fact that the Cls do not cross, which can also be seen
in Table 1, points to a statistically significant result.

Scores for Coached vs Non-Coached Students

Mean Score
~ ® © ® ® ®
3 - & & < 8

~
by

~
a

Coa;:hed Unco’ached

Condition
Figure 2. Example line graph showing error bars for confidence intervals.

A more informative way to plot and display the data is with a box plot (or box and
whisker plot). A similar graph rarely seen in the language learning literature is the violin
plot, this shows the same information as a box plot but also includes information on
probability densities of the data. Both are quite straightforward to produce using R; the
necessary code can be found in the Appendix. Examples of the output produced using
the same data set graphtxt from Figure 2 grouped by the coached condition are presented
in Figures 3 and 4. In the violin plot, the left graph includes each individual response, but
the right-side plot incorporates a box plot demonstrating the kinds of options available
with this versatile kind of plot. All of these graphs present a much clearer picture of the
differences between the two treatment groups than a p value provides, and augmenting
the graphs with a table of descriptive statistics and an effect size measurement would
probably be a better way to report results.
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Figure 3. Box plot example and code.

Score
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Figure 4. Violin plot examples and code.
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Other packages in R also offer graphing or charting functionality to supplement their
general functions, for example correlograms provided by the corrplot package or pairs
panels from the psych package, which can be helpful when exploring the data.

Effect Sizes

Rather than the “either-or” mindset encouraged by reports of p values, effect sizes can
give a broader understanding of the possible magnitude of the effect under study. Cohen
(1988) suggested that effect sizes should be classified as small, medium, and large for

his index of effect d (d = 0.2, d = 0.5, d = 0.8 respectively), which is one of the standard
measures. Although he presented guidelines to determine these delineations that are
commonly used today, he cautioned that the guidelines will vary depending on the sub-
stantive (practical) significance of the research outcome and researchers should ideally
determine the import of an effect based on their own understanding of the conditions
under study. The important point though is that calculating an effect size from a sam-
ple gives a better indication of what the researcher is trying to test than just reporting a
p value. If a researcher finds a statistically significant result at p < .05 but a small effect
size, it would suggest that the results were not strongly in support of the actual effect of
the intervention, something not evident from just reporting statistical significance. On
the other hand, a researcher may find a nonstatistically significant result from a test but
still get a large effect size, suggesting further research into the effect under study is in
order, something that may not be apparent if the p value is the sole arbitrator of a study’s
outcome.

Returning to the example data set, effect sizes can be calculated for each of the out-
comes from the three different tests—the standard ¢ test, the nonparametric Wilcoxon
rank-sum test, and the robust t test. First, for the t test, effect size is not reported as part
of the output in R, but it can be easily calculated. Using the compute.es package (Del Re,
2013), the code is

> tes(3.2151, 40, 40, level=0.05)

and the result is d = 0.72, a medium to large effect.

For the nonparametric test, the effect size also has to be calculated separately. This
is slightly more complex, using a function from Field et al. (2012) in R, which gives the
effect size r = -0.31. Finally, for the robust version of the ¢ test, different options are avail-
able. One is to compute a robust version of Cohen’s d. In this case, if variance between
groups is not equal, it is possible to get effect sizes for the two groups and check if they
are approximately equal. Otherwise, an alternative explanatory measure of effect size, &,
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can be used (Mair & Wilcox, ca. 2016). Given the unequal variance found in the example
data, the following code can be run (as with the robust ¢ test this is done with the WRS2
package):

> akp.effect(score ~ coached, data = graphtxt, EQVAR = FALSE)

The result is 0.80, 0.52, which gives different information about the size of the effect.
As this is not helpful, & can be calculated instead:

> yuen.effect.ci(score ~ coached, data = graphtxt)

with an outcome of & = 0.46, a medium effect size.

As can be seen, each test gives a different kind of effect size, which is one challenge to
calculating effect sizes—which one to calculate and how do they differ? Although there
is not the space to go into this discussion here, the reader is directed to Ferguson (2009)
and Kirk (2007) for guidance.

One other important role of effect sizes is to help with power analysis of a statistical
study. The power of a statistical test is the probability that the test will correctly lead to
the rejection of the null hypothesis (Cohen, 1988). It has been shown that many studies
utilising NHST in other disciplines are underpowered and in fact may have sample sizes
that are too small to adequately detect any differences between the samples (Gigerenzer
et al.; Kline, 2004). It is unlikely that FL1/L2 research is any better here (Norris, 2015), so
it is recommended that power analysis be carried out either prior to doing research or at
least once research is completed. Here, knowing the sample size, desired p value for the
significance test, and effect size allows one to calculate power using, for example, an ap-
propriate R package or the tables provided by Cohen (1988). A conventional view is that
aiming for a power of 0.8 is good practice (Cohen, 1988), but p values of .05 or .01 are
usually used in power calculations. For the t-test example, the effect size, calculated with
the R compute.es package (Del Re, 2013), is d = 0.72. Using the R pwr package (Champely,
2017), with p = .05, we find that the power of the test is .89. In other words, our t test has
an 89% chance of correctly rejecting the null hypothesis.

It should be noted that in the case of a nonparametric test, if the data are not normal-
ly distributed, it is not possible to calculate the power of the test (Field et al., 2012), so
in this case we cannot compare the power of the result of the Wilcoxon test with that
from the t test. Similarly, it seems there is no solution available to calculate power for a
bootstrapped version of the t test. Of course, if one is not reporting p values due to their
limitations, then power is no longer a concern. However, overall the evidence seems to
suggest that tests done with robust statistics have higher power than a standard paramet-
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ric test (e.g., t test, chi squared, ANOVA, or other variation of the general linear model;
Erceg-Hurn & Mirosevich, 2008), but a nonparametric test carried out on normally dis-
tributed data will have lower power than its parametric equivalent (Field et al., 2012).

ldeally, when possible one would carry out a power analysis prior to doing research, us-
ing effect sizes from previous research as a guide, or if this is not available, setting an effect
size the researcher believes is acceptable. Aiming for increased power means that a larger
sample size is required; similarly accepting a smaller p value or a smaller effect size requires
increasing the sample size to achieve a suitable level of power. In the t-test example above,
if the desired power was set at .9 with p =.01 and the effect size d = 0.72, a sample size of 59
in each group would be necessary to carry out the analysis; but if a smaller effect size was
expected (say 0.4), a sample of 188 in each group would be required. The point that needs
to be made here is that in research with small to medium effect sizes, large samples are
required to correctly reject the null hypothesis. Many of the types of questions researched
in FLL/L2 are likely to uncover only a small to medium effect, which brings up issues about
the value of this research when the sample sizes are small.

Effect sizes are also useful as a standardised measure, as they allow for comparisons of
research findings in meta-analytic studies, as well as making replications of research eas-
ier to carry out and report on. Replication is a key to progress in knowledge, a necessary
step to show that an effect uncovered in one study may be applicable to more than one
situation. Finding similar effects across differing conditions gives greater support for the
substantive value of the effect than simply relying on p values. In terms of meta-analysis,
having a standardised measure makes it easier to summarise previous research and show
potentially promising trends in analysis. Not reporting effect sizes can mean that the
research may not be useful in helping contribute to the aggregation of useful knowledge.

Although the American Psychological Association task force on statistical inference
has stated, “always provide some effect-size estimate when reporting a p value” (Wilkin-
son, 1999, p. 599), one of the problems with reporting effect sizes is that it is often not
really clear for the practitioner how to calculate and report effect sizes. SPSS, for exam-
ple, does not make it obvious how to do so, and in fact earlier versions do not have the
option to calculate some effect sizes, meaning the researcher needs to calculate them by
hand. Although not so difficult to do, this could be seen as troublesome by some, and if
the necessity for an effect size is not part of a journal’s publication requirements, it may
mean this particular measure is left out of the report. As can be seen from the examples
used here, R does allow for relatively easy calculation of effect sizes. Alternative options

exist; for example, Lebowitz (2015) suggested using the MBESS package to aid with effect

size analysis. Other packages such as compute.es offer similar functionality.
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Confidence Intervals

Already touched on in the discussion of plotting data, Cls are another important meas-
ure, as they give not just a guide to the statistical significance of one’s findings, but also
to the degree of confidence one has in these findings. Cls give a range around the sample
mean within which there is a 95% probability (or whatever one wishes to set, though 95%
tends to be standard) that the true population mean is likely to fall. In other words, they
show an interval within which one can be relatively confident that the population mean
exists for the effect one is testing for. They can also give an indication of the variability of
the data—the wider the Cl, the more variable the data, which may suggest problems with
the sample—and help researchers design tests with greater precision or power (Coulson,
Healey, Fidler, & Cumming, 2010). Cls can also serve the same purpose as a statistical
significance test when comparing two or more point estimates. Look at the upper and
lower boundaries of Cls level of significance (e.g., 95% Cls for an analysis in which the
initial hypothesis has set p at .05). If the Cls do not cross, there is a statistically significant
difference in the data, but if the Cls cross, it is likely (but not always the case, when they
cross only slightly one may need to investigate further) there is a nonstatistically signif-
icant finding. This should be evident in Figure 2, where the lower limit of the CI for the
coached sample ends at a higher point than the upper limit of the noncoached sample
results. Of course, if the point is to use Cls to move away from the kind of dichotomous
thinking that statistical significance testing is said to encourage, this interpretation of
Cls would not be encouraged. One other advantage of Cls is that they can also help con-
tribute to meta-analytic thinking—if studies are giving large Cls, “appreciating the large
extent of uncertainty should encourage researchers to focus on cumulation of evidence
over studies” (Coulson et al., 2010, p 2). To go back to an earlier point, here graphical
representations of data are particularly useful, as presenting graphs of a distribution with
Cls provides an easy way for the reader to see what a p value may not make apparent.

Overall Recommendations

In a real research situation, a final decision on the results of the data analysis would
draw on more than just the outcomes of statistical tests, however it is hoped that the
preceding discussion has shown that more than the calculation of a p value is necessary
if statistical tests are to be used. However, it should be stressed that the logic behind Cls
and effect sizes is based on similar reasoning to that used in the calculation of p values. If
there is a problem with the data that may bias the p-value outcome, this will also ad-
versely influence the effect size and CI calculations. If the initial exploration of data to

be tested has shown that a classical parametric test is appropriate, the researcher should
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proceed with the appropriate analysis. The results should include a report of effect sizes
and Cls, along with descriptive statistics, and as much as possible, explanatory plots of
the data. If parametric tests are not appropriate, one choice may be to focus solely on
descriptive statistics and plots of the data, as these can go a long way in informing read-
ers about the import of ones findings, more so than a p value. The other option is to use
nonparametric or, preferably, robust statistics and report effect sizes and Cls calculated
for the particular test adopted. Whatever the decision, it is further hoped that the utility
of the R system for the analysis has been demonstrated.

Where to Begin With R

With the aid of a good reference book, as well as guides on the Internet, it should not be
too difficult to learn how to use R to carry out quite complex data analysis. Field et al.
(2012) is recommended if the aim is to develop a better understanding of both statistical
methods and the R system. Whilst written mainly as a textbook aimed at psychology
students, it is nonetheless very comprehensive and lays out a clear framework for many
different data analysis scenarios, including nonparametric and robust alternatives to
standard classical tests. It does have a somewhat irreverent tongue-in-cheek tone that
may be a bit off-putting to some, but that does not distract from its overall utility. Two
other recent R guidebooks are both written with the language researcher in mind. Turner
(2014) focuses on nonparametric tests for small-scale research such as classroom research
or action research projects. Larson-Hall (2015) is a recent guide to using both SPSS and
R, with a particular emphasis on robust methods. There is also an earlier publication
available that focuses solely on R (Larson-Hall, n. d.). Finally, as with any popular open-
source application, R has numerous online guides and discussion forums, providing
details on how to carry out different kinds of procedures.

Conclusion

1t must be stressed, any system is open to errors or abuse, and just because researchers

do their data analyses in R does not mean they will automatically get the “right” results.
However, reiterating Brown (2015), R is probably the best tool for the process. 1t is readily
available and provided the researcher is willing to move beyond simple reports of p
values, it offers a powerful framework to explore and analyse the data collected. When
taking into consideration the commitment of time and resources involved in running
much research, common sense suggests the researcher will want to uncover as well as
possible the patterns and trends in the data. Statistical significance testing is not much
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help here, but it is hoped that the information presented in this paper will be an aid for
those looking to move towards better quantitative analysis.
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Appendix
R Code Snippets
Importing Data Into R

To import the data from Turner (2014) into R, it is probably easiest to save the data as a
comma-separated or tab-separated file. Enter the data in a spreadsheet in Microsoft Excel
or a similar application, with three columns:

Student  coached  score
1 1 76
2 1 76
3 1 76
4 1 77
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41 2 70
42 2 70
43 2 70
44 2 70

Export this to the appropriate format (in this case, a text-delineated text file named
data.txt) and use the following code in the R console to load the data into the dataframe
graphtxt that will then be used for the subsequent analysis. Ensure the path to the file is
set correctly:

> graphtxt <- read.delim(“~/path to file/data.txt”, header=TRUE, sep="\t”)
you can check that the data loaded correctly by viewing the first few lines:

> head(graphtxt)

If all looks correct, you can then work with the dataframe for the analysis.

Code for Descriptive Statistics

The pastecs package provides a useful function to calculate descriptive statistics. As this
package is not part of the core R installation, it needs to be enabled; this can be done
simply with the library command.

> coached <- subset(graphtxt, graphtxt$coached == 1)

> noncoached <- subset(graphtxt, graphtxt$coached == 2)

> library(pastecs)

> Coached <- round(stat.desc(coached$score, norm=TRUE), digit=3)

> NonCoached <- round(stat.desc(noncoached$score, norm=TRUE), digit=2)

Checking for Normality of Data

The R code for the Q-Q plot, which shows the data in relation to a line representing a
normal distribution, is:
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> gqnorm(noncoached$score) The code to generate the boxplot shown in Figure 3 is as follows:

> qqline(noncoached$score)

and for the histogram (using the ggplot2 package) > library(ggplot2)
> library(ggplot2) > p <- ggplot(graphtxt, aes(x=coached, y=score, group=coached))
> hist2 <- ggplot(noncoached, aes(score)) > p <- p + geom_boxplot(fill="gray90”) + scale_x_discrete(name = ““, limits=c("-
Coached”, “Uncoached”)) + scale_y_continuous(name = “Score”, breaks = seq(70,
> hist2 + geom_histogram(aes(y= ..density..), binwidth= 1, colour = “black”, fill = 1(‘)‘0’ 2), lin}’itf.:c(70, 1(2,0)) + theme_minimal() + scale_colour_manual(values =
“white”) + labs(title="Histogram of noncoached data”) + stat_function(fun = dnorm, c("#EGIF007, "#56B4E9"))
args = list(mean=mean(noncoached$score), sd= sd(coached2$score)), colour =
“black’) oP
Graphing Data The code for the violin plots shown in Figure 4 is as follows:
All the following graphs are produced using ggplot2. The code for Figure 2 is as follows:
> pl <- p + geom_violin(fill="gray90”) + scale_x_discrete(name = ““, limits=c(“-

Coached”, “Uncoached”)) + scale_y_continuous(name = “Score”, breaks = seq(70,
100, 2), limits=c(70, 100)) + theme_minimal() + geom_dotplot(binaxis="y’, stack-
mean, geom = “point”) + stat_summary(fun.y = mean, geom = “line”, dir="center’, dotsize=.5, binwidth = 1)

> linegraph1 <- ggplot(graphtxt, aes(coached, score)) + stat_summary(fun.y =

aes(group=1)) + stat_summary(fun.data = mean_cl_normal, geom = “errorbar”,

width = 0.1) + theme(legend.position = “none”) + ylab(“Mean Score”) + >pl
ggtitle(“Scores for Coached vs Noncoached Students”) + coord_cartesian(ylim
=¢(75, 90)) + scale_x_discrete(name=“Condition”, limits=c(“Coached”,
“Uncoached”)) + scale_y_continuous(breaks=seq(75, 90, 2)) > p2 <- p + geom_violin(fill="gray90”) + scale_x_discrete(name = ““, limits=c(“-
_ Coached”, “Uncoached”)) + scale_y_continuous(name = ““, breaks = seq(70, 100, 2),
> linegraphl limits=c(70, 100)) + theme_minimal() + geom_boxplot(width=0.1)
>p2
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