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Statistical literacy and statistical reasoning have been considered by the statistics education
community as important learning goals to be developed in statistics courses (Garfield & Ben-Zvi,
2008). Many statistics educators and scholars have tried to define these learning goals (e.g., Gal,
2002; Watson & Callingham, 2003; Garfield, 2002; Garfield & Chance, 2000). However, there is
a lack of agreement regarding the relationship between them. This study will report on the
development process of the REAsoning and Llteracy (REALI) assessment, including the several
types of validity evidence that were gathered to support the intended inferences and uses of the
instrument’s scores. REALI was developed to concurrently assess statistical literacy and reasoning
and to be used as a tool to investigate the relationship between these learning goals.

INTRODUCTION

Statistical literacy and statistical reasoning are important learning goals to be developed in
introductory statistics courses and many statistics educators and scholar have tried to define these
terms (e.g., Gal, 2002; Budgett & Pfannkuch, 2007; Rumsey, 2002; Watson & Callingham, 2003;
Garfield, 2002; Garfield & Chance, 2000; Jones et al., 2004; Chance, 2002). Often times, there is a
great overlap in the definitions of these terms. In addition, assumptions of a hierarchy between and
within these learning goals has been posed by some researchers (delMas, 2002; Chance, 2002;
Garfield & Ben-Zvi, 2007 and 2008).

Despite the evidence of a possible overlap between the outcomes of statistical literacy and
reasoning, there is no assessment measuring these learning goals concurrently and no empirical
study has been done to examine the relationship between statistical literacy and reasoning. The
assessments of statistical reasoning and statistical literacy that are currently available were
developed independently without considering the possible overlap between these learning goals. To
investigate this overlap, it is necessary to develop one instrument composed of statistical literacy
items and statistical reasoning items. In this way, it will be possible to obtain one subscore for each
learning goal and use measurement analysis to explore if statistical literacy and statistical reasoning
could be measured reliably and distinctly or if these two learning goals are actually so similar that
they cannot be distinguished. Such an assessment may help to clarify the structure of the
relationship between statistical literacy and statistical reasoning.

ASSESSMENT DEVELOPMENT

To investigate the degree of distinction between statistical literacy and statistical reasoning,
a new instrument was created, composed of items measuring statistical literacy and items
measuring statistical reasoning: the REAsoning and Llteracy (REALI) instrument. As suggested by
the Standards for Educational and Psychological Testing (AERA, APA, & NCME, 1999), careful
attention was given to how the scores from REALI would be interpreted. To support the intended
inferences and uses of the REALI’s scores several types of validity evidence were gathered
throughout the development process: working definitions, test blueprint, expert reviews, response
process interviews with students, a pilot test, a field test, and psychometric analysis.

According to Standard 1.2 from the Standards for Educational and Psychological Testing
(AERA, APA, & NCME, 1999), the construct being measured by the test should be clearly
defined. Therefore, working definitions of statistical literacy and statistical reasoning items were
established based on the definitions from Ziegler (2014), Garfield and Ben-Zvi (2008), and delMas
(2002, 2004):

e Statistical literacy items assess students’ ability to recall a definition, describe or interpret basic
statistical information. Items at this level usually address a single statistical concept. If multiple
statistical concepts are addressed, the item will not require that students make connections
between them (recall information will be sufficient).
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e Statistical reasoning items assess students' ability to make connections among statistical
concepts, create mental representations of statistical problems, and explain relationships
between statistical concepts. Items at this level usually address more than one statistical
concept and require making connections between them. Because of the number of concepts
addressed, statistical reasoning items require higher order thinking and higher cognitive load
than statistical literacy items.

The development process continued with the elaboration of a test blueprint. The REALI
assessment was initially based on items from the GOALS instrument (Sabbag & Zieffler, 2015),
which was designed to measure statistical reasoning, and items from BLIS (Ziegler, 2014), which
was designed to measure statistical literacy. Items were grouped into areas of learning based on
their content. Eight areas of learning were identified: (1) representations of data, (2) measures of
center, (3) measures of variability, (4) study design, (5) hypothesis testing and p-values, (6)
confidence intervals, (7) bivariate data, and (8) basic probability.

Further investigations were done to verify if the items aligned with the working definitions
of statistical literacy and statistical reasoning used in this study. The behaviors needed to answer
each item correctly were identified (see Figure 1) and used to classify each item as a statistical
literacy item or a statistical reasoning item. This categorization of items was also performed by
four experts in the field of statistics education as part of the expert review. In addition, these
experts were also invited to critique the items. As specified by Standard 3.5 (AERA, APA, &
NCME, 1999), feedback from the experts was used as validity evidence to assure items were
categorized consistently and to improve quality of items.

ITEM: The Pew Research Center surveyed 2,076 American adult cell phone users chosen at
random in 2013. The sample percent of adult cell phone users who access the internet on their
phones was 60%. The 95% confidence interval was 58% to 62%. What is this interval
attempting to estimate?

a. The average number of American adult cell phone users who access the internet on
their phones in 2013.

b. The percent of the 2,076 American adult cell phone users who access the internet on
their phones in 2013.

c. The percent of all American adult cell phone users who access the internet on their
phones in 2013.

d. For American adults who access the internet on their cell phones, only 58% to 62%
were confident in using the internet on their phones.

BEHAVIORS: To answer the item above correctly, students need to

1) Understand what a confidence interval represents.

2) Recognize which parameter is being estimated.

3) Recognize the population of interest.

4) Understand what the level of confidence represents

Figure 1. Statistical literacy item and behaviors.

Additional validity evidence was gathered from think-aloud interviews with students.
These interviews were conducted to better understand how students would respond to each of the
items in REALI. Four students who had taken an introductory statistics course in the previous
semester participated in the think-aloud interviews: three students from the Educational
Psychology Department and one student from the Statistics Department at the University of
Minnesota. Their responses were used to verify if items were behaving as intended and to clarify
the categorization of some items which could not be categorized with certainty as a statistical
literacy or a statistical reasoning item. Based on the students’ responses, unclear/confusing items
and items that were misinterpreted by the students were identified and modified.

A pilot test was the next step in the development process. A total of 237 students from two
introductory statistics courses at the University of Minnesota and an introductory statistics course
at Augsburg College completed the REALLI assessment as part of the pilot study. A psychometric
analysis of the instrument was performed to assess how the items were behaving. Because there
were more items than needed in this version of the instrument, item difficulty, item discrimination,
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and distractor analysis were used to decide which items to delete. Additional changes were made to
reduce unnecessary item complexity, to ensure that distractor choices were plausible, and to ensure
that items had independent/non-overlapping choices. These changes resulted in the final version of
the assessment which was used in the field test. The final version of REALI was composed of 20
items measuring statistical literacy and 20 items measuring statistical reasoning.

ASSESSMENT IMPLEMENTATION

The field test was performed at the end of the spring semester during the months of April
and May of 2016. A total of 671 students from introductory statistics courses took the REALI
assessment and consented to participate in the study. Those students represented 16 universities
and colleges around the United States and Canada.

A histogram of the distribution of the REALI total scores for the 671 students in the
sample is presented in Figure 2. The mean score was 24.16 and the standard deviation was 7.48.
The estimate of the internal consistency, coefficient alpha, for these scores was 0.87.
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Figure 2. Distribution of total scores.

The statistical literacy and statistical reasoning subscores were investigated to better
understand how students were performing under each construct. Histograms of the distributions of
the two subscores for the students in the sample are presented in Figure 3. The mean statistical
literacy subscore was 13.15 with standard deviation of 3.82, and the mean statistical reasoning
subscore was 11.01 with standard deviation of 4.15. The estimate of the internal consistency,
coefficient alpha, for the statistical literacy subscore was 0.76 and for the statistical reasoning
subscore was 0.78. The statistical literacy and statistical reasoning subscores had a correlation of
0.76. Figure 4 shows the scatterplots of the two subscores.
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Figure 3. Distribution of the statistical literacy and statistical reasoning subscores.
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Figure 4. Scatterplots of the statistical literacy and statistical reasoning subscores.

Item Response Theory

Five IRT models were fitted to the data to better understand what measurement model best
represents the construct of statistical literacy and the construct of statistical reasoning: a
unidimensional model, three bi-dimensional models (uncorrelated model, correlated model, cross-
loading model), and a bi-factor model. Model comparisons, reported in Sabbag (2016), suggested
that the most useful model to represent the constructs of statistical literacy and statistical reasoning
were the cross-loading model (see Figure 5). The cross-loading model was composed of two
uncorrelated dimensions: a statistical literacy dimension and a statistical reasoning dimension. In
addition, this model used direct effects from the statistical literacy dimension to the statistical
reasoning items. The cross-loading model assumed that these direct effects would be the same for
all items and they would be smaller than all the effects of the statistical reasoning dimension on the
statistical reasoning items. In other words, the statistical reasoning dimension would have the
highest effect on the statistical reasoning items.

Statistical Literacy

Figure 5. Bi-dimensional IRT models.

The assumptions for the cross-loading model support the theory from Garfield and Ben-Zvi
(2008) of a hierarchy between statistical literacy and statistical reasoning, with statistical literacy
being the basis for statistical reasoning.

Figure 6 shows the scatterplot of the statistical literacy subscore and statistical reasoning
subscore produced by the Cross-loading model. The correlation between these subscores was
0.640. The estimate of empirical reliability (Zimowski, Muraki, Mislevy, and Bock, 2003) for the
statistical literacy subscore was 0.75 and for the statistical reasoning subscore was 0.70.

The Haberman analysis (Haberman, 2008) was used to evaluate if reporting two subscores,
one for statistical literacy and one for statistical reasoning, had added value over reporting the total
score from a unidimensional model. Among other things, this analysis considers the reliability of
each subscore and how correlated the subscores are with each other and with the total score. The
cross-loading model presented evidence of distinction and evidence that the statistical literacy and
statistical reasoning scores can be measured reliably. In addition, this model presented evidence
that the subscores provide information that is over and above the information provided by the total
unidimensional score (see Sabbag, 2016 for more information). However, the usefulness of
subscores can only be applied in the IRT subscore and not for raw scores.
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Figure 6. Scatterplot of the statistical literacy and statistical reasoning subscores for the
Cross-loading model.

CONCLUSION AND IMPLICATION FOR TEACHING

This study built a validity argument supporting the intended inferences and uses of the
subscores from the REALI instrument and its ability to measure students’ statistical literacy and
statistical reasoning in an introductory statistics course.

Recommendations in the field of statistics education have emphasized the importance of
developing statistical literacy and statistical reasoning rather than computations and procedures
(e.g., GAISE-ASA, 2005; Garfield & Ben-Zvi, 2008). The results from this study provided
preliminary evidence that statistical literacy and statistical reasoning can be differentiated.
Therefore, instructors need to set clear learning goals of statistical literacy and also learning goals
of statistical reasoning in their classes. Instructors also need to show evidence, through the use of
well-developed assessments, that students are indeed achieving these goals. In addition, because of
the hierarchy between the statistical literacy and reasoning, it is important for instructors to note
that developing students’ statistical reasoning is not a straightforward step from statistical literacy.
Firstly, students need to develop a certain level of statistical literacy to then be guided on how to
make connections and relate the different statistical concepts they learned. Thus, instructors need to
provide opportunities for students to learn how to reason with statistical concepts.

The REALI instrument can be a tool for identifying students’ misconceptions and guiding
changes and improvements in statistics courses. This instrument can be used to provide valuable
information about students’ performance on important statistical literacy and statistical reasoning
topics. For instance, the content of two of the hardest items in the REALI instrument (with less
than 30% of correct answers) involved graphs and the normal distribution. Further attention can be
given to understand how these topics have been taught in the curriculum and why students are
incorrectly answering these items. Looking at each of the distractors will give insight to possible
students’ misconceptions or need of curriculum improvement. For example, the curriculum might
be over-emphasizing the normal distribution leading students to choose always a graph that looks
more normal, without giving careful thought to the other information available in the problem.

REALLI can also be used in the evaluation of curricula or to assess the effect of curriculum
changes, as long as the learning goals assessed by this instrument are closely aligned with the
intended learning goals of the curricula being used in class. For instance, there have been efforts to
change introductory courses based on the recommendations by Cobb (2005, 2007) and GAISE
(ASA, 2005). New statistics curricula have been developed (e.g., Garfield, delMas, Zieffler, 2012
and Tintle et al., 2011) using a modelling and simulation approach to teaching inference. However,
these new curricula differ. Some curricula still teach traditional content such as t-tests, on the other
hand, curricula such as the CATALST course (Garfield et al., 2012) do not teach traditional
content; instead it focuses on randomization tests. It is important to examine how well students are
performing on these new curricula and evaluate if there is a curriculum that is leading to better
student’s performance. A possible way to compare students from these different curricula is to use
the REALI instrument at the end of the course and investigate if students are answering the
questions in the same way or if the curricula they are in affects how students reason about
statistical concepts leading to different answers.
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