Teaching for Statistical Literacy

and Services of Statistics Agencies
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Increasing attention is given to the importance of developing
statistical literacy of citizens and students. This article exam-
ines approaches to teaching for statistical literacy and identifies
areas that need attention, in light of limitations on skill transfer
and reliance on exemplars that illustrate problematic reports in
the media. The article discusses the potential role of products of
statistics agencies in education for statistical literacy. Implica-
tions for needed collaboration between educators and statistics
agencies and for research are examined.
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1. INTRODUCTION

Recent years have seen etforts to define and differentiate con-
structs related to the ability of people from all walks of life
to act as informed consumers of statistical information. Ed-
ucators, researchers, and professional organizations have at-
tended to interrelated concepts such as statistical literacy (Wall-
man 1993), quantitative literacy (Landwehr, Swift, and Watkins
1987; Kirsch, Jungeblut, Jenkins, and Kolstad 1993: Steen
2001), mathematical literacy (OECD 2001), or numeracy (Gal et
al. 1999). In addition, preliminary efforts examined the interde-
pendencies between these constructs and reflected on the extent
to which there is a developmental hierarchy; that is, whether
some capacities have to be acquired before other capacities can
emerge (Gal 2000; Garfield 2002; Watson 1997).

The commonalities and distinctions between the above and re-
lated concepts, or their exact nature and developmental stages,
may continue to be a matter for dialogue and research (delMas
2002). Nonetheless, diverse sources seem clear about the need
for people (including learners in both formal, nonformal, and
workplace contexts) to develop the ability to comprehend, inter-
pret, and critically evaluate messages with statistical elements or
arguments conveyed by the media and other sources (European
Commission 1996; NCTM 2000; Steen 2001). This ability will
be termed here “statistical literacy,” following an early use of
this term by Wallman (1993).

What are the building blocks of statistical literacy, on which
educators should focus their efforts? According to Gal (2002),
understanding, interpreting, and reacting to real-world messages
that contain statistical elements or findings require more than
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the possession of statistical knowledge per se. Such actions are
founded on an interaction between several knowledge bases and
supporting dispositions. Literacy skills must be activated, fo-
gether with statistical knowledge, mathematical knowledge, and
general world knowledge.

Critical evaluation of statistical messages also depends on
people’s knowledge of what questions to ask and on dispositions,
such as their willingness to take a critical stance, their sense
of comfort in engaging in what they perceive as mathematical
tasks or using their quantitative knowledge, or their beliefs about
the trustworthiness of statistical findings or the predictability of
chance processes.

While the knowledge bases and beliefs and attitudes that un-
derlie statistically literate behavior have been outlined in some
detail, it is much less clear how to go about developing them. For
example, Batanero (2002) discussed the need to develop micro-
level models, and Rumsey (2002a) noted the lack of coher-
ence between educational goals and the reality in textbooks and
classes. This article aims to contribute to the efforts to promote
statistical literacy by critically examining current approaches
to teaching statistical literacy and identifying areas that need
further attention by educators and researchers. In light of the
problems identified, the article discusses the hitherto unexplored
role of products of statistics agencies as a tool or resource that
can support statistical literacy education. The article concludes
with a discussion of the implications and needed collaboration
between educators and statistics agencies.

2. ON METHODS FOR DEVELOPING STATISTICAL
LITERACY

An analysis of recent literature on statistics education and
adult numeracy points to two approaches towards developing
learners’ ability to actin a statistically literate way, through trans-
fer of general statistical knowledge, or direct practice on critical
questions and exemplar messages. This section discusses these
approaches and problems with implementing them.

2.1 Direct and Indirect Methods

Curricular statements describing undergraduate statistics
courses (Garfield, Hogg, Schau, and Whittinghill 2002) expect
students to become sensitive to the value of statistical think-
ing and methods outside the classroom and turn into intelligent
consumers of data. Similar ideas appear in K—12 mathemat-
ics or statistics curricular frameworks (Scheaffer, Watkins, and
Landwehr 1998)

Although statistical literacy is touted as a key educational
goal, reform efforts in statistics education usually emphasize
teaching methods that can advance learning of “core” topics
in introductory courses (Hogg 1992; Moore 1997), and do not
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elaborate on the importance of using real-world materials (e.g.,
from the media), or on issues involved in developing the dispo-
sitions subsumed under statistical literacy (Gal, Ginsburg, and
Schau 1997). For instance, in a survey of more than 240 instruc-
tors of introductory statistics (Garfield 2000) less than 25% said
they “frequently used” discussions of statistics in the media, and
roughly half indicated they never ask students to critique news
articles in classroom assessments. It seems that many instruc-
tors neither teach for statistical literacy nor assess it. It is as
if instructors expect that learning key statistical principles and
methods, coupled with personal experience in conducting and
communicating about a data-analysis project, suffice to produce
in their students the skills and dispositions needed to act in a
statistically literate way outside the classroom.

A different approach stems from the expectation that peo-
ple can respond critically to statistical messages (Rutherford
and Ahlgren 1991) and know how to pose questions about the
source of the research, the persons questioned, or the magni-
tude of effects reported (Utts 1996). To that effect, statistical
literacy education may involve (a) direct exposure of learners
to principles and “worry guestions” (Gal 2002) that should be
applied when evaluating real-world statistical communications,
coupled with (b) the use of selected examples for “misleading”
graphs, “flawed” statistical reports, or “problematic” probabilis-
tic claims in various media channels (e.g., Crossen 1994; Best

2001; Moreno 2002; Snell 2002).

2.2 Problems With Current Methods for Developing
Statistical Literacy Skills

Three potential problems emerge regarding the two ap-
proaches outlined above. The first involves limited skill transfer
if learners do not get a chance to understand or practice key sub-
skills, as suggested by extensive research on cognitive aspects of
learning (Lovett and Greenhouse 2000) and on transfer of liter-
acy skills (Wagner and Stites 1999). The second problem stems
from over-reliance on exemplars for “bad” reporting, for exam-
ple what information is missing from given reports or misleading
in given displays. Students in introductory courses should also
develop a sense for what good, fair, or effective reporting looks
like, if they are expected to act as informed consumers of re-
search (Love and Hildebrand 2002), or develop effective com-
munication skills regarding quantitative matters (Steen 2001).
The third problem is created by inattention to statistical reports
or messages from sources other than the media. Although the
media is a key communicator of statistical information (Rumsey
2002a), the information landscape to which citizens and workers
in modern societies are exposed is broader. Statistical informa-
tion is generated and reported through channels other than the
media, such as statistics agencies or research organizations.

These three problems together imply that current methods
for developing students’ statistical literacy may be less effective
than hoped for or assumed by the statistics and mathematics
education communities. With this in mind, this article argues
that statistics agencies offer teachers ready access to large pools
of positive exemplars for “good” statistical reporting, and that
such products can be used to reduce the three problems noted
above and support efforts to improve students’ statistical literacy.

3. STATISTICS AGENCIES AS A PUBLIC LEARNING
RESOURCE

Statistical information is released to the public by many types
of organizations, both public (e.g., national statistical offices,
OECD), nonprofit (e.g., nongovernmental organizations such as
Greenpeace, advocacy groups), and commercial (e.g., manufac-
turers, survey organizations such as Gallup). This article focuses
on the first type, statistics-producing organizations funded by
public sources. These organizations produce an array of differ-
ent types of products on a very broad range of topics. Web sites
of statistics agencies carry hundreds and, in some cases, thou-
sands of individual reports, press releases, executive summaries,
and other product types (Gal 2003) which educators, students,
and citizens at large can use.

3.1 Statistics Agencies and Their Clients

According to Murray and Gal (2002), statistics agencies serve
a range of clients with different information needs. Statistics
agencies were established primarily to inform policy-makers,
public officials, and politicians. They need to access pertinent
information quickly, and due to their information load and skills
often have to rely on highly abstracted information, such as ex-
ecutive summaries or highlights of key findings. More detailed
reports enable the staff that supports this group to analyze trends
in important indicators and variables, prepare position papers, or
propose action plans. Statistics agencies also release statements
to the press, which transmits the output of statistics agencies to
the public and alerts it to particular findings or importance con-
clusions reached by the agencies. Finally, other users of statistics
agencies include administrators and advocacy groups, the gen-
eral public, researchers, and students.

Agencies can be divided into three subtypes (Gal 2003), which
may affect the breadth of topics covered by their products, and
hence the richness or type of statistical issues their publications
deal with:

National/central agencies. Organizations responsible for
conducting a nation’s census and associated surveys and report-
ing their results (e.g., U.S. Bureau of the Census), or for pro-
ducing all national social and economic statistics (e.g., Statistics
Canada).

National thematic agencies. Organizations assigned to re-
port official statistics in designated areas not covered by the
agency conducting the census (e.g., National Center for Educa-
tion Statistics, National Agricultural Statistics Service).

International agencies. Organizations or projects established
by groups of nations to contribute to social, human, and eco-
nomic progress, and in this capacity report and sometimes col-
lect comparative statistics (e.g., World Bank, International Adult
Literacy Survey).

3.2 Products of Statistics Agencies

In response to the information needs of different client groups,
statistics agencies create multiple types of products and services,
mainly: indicators, press releases, executive summaries, full re-
ports, aggregate data, technical documentation, and data files
(Murray and Gal 2002; Gal 2003). Of these, press releases and
executive summaries seem of most relevance to the development
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of statistical literacy. Press releases are short summaries written
in a journalistic style to inform media personnel about new find-
ings and conclusions from recent studies or analyses conducted
by the agency. Therefore, press releases can illustrate to stu-
dents how statistics get reported to the media, and can serve as
a positive mirror image of “biased” or “flawed” media articles.
Executive summaries are designed primarily for policy makers
and officials, and describe key findings and conclusions using
an abstracted language that is more complex and formal than the
colloquial language used in press releases, and may also include
selected graphs and tables that summarize complex trends in a
concise form. Executive summaries are relevant for statistical
literacy education as they represent a key type of nontechni-
cal yet formal statistical report that students may encounter in
managerial or professional roles. As Gal (2003) illustrates, press
releases and executive summaries, despite their brevity, require
that readers understand, even if informally, a wide range of sta-
tistical ideas, concepts, and procedures.

4. DISCUSSION

Numerous calls have been made for improving the statisti-
cal literacy of citizens at large and students in high schools
and colleges in particular (Wallman 1993). However, little has
been written about the relative capability of specific instructional
approaches in this regard. This article made two observations.
First, it is difficult to expect students to develop statistical lit-
eracy through instruction on general principles of statistics and
personal experience in data analysis, due to limitations on skill
transfer, lack of familiarity with critical questions, and inatten-
tion to dispositions that support statistically literate behavior.
Second, it is difficult to expect students to develop full statistical
literacy through instruction that presents only negative examples
for statistical reports, that is based only on brief media reports,
and that does not provide models for effective or fair statistical
reporting.

Given the limitations of each of the methods outlined ear-
lier, and the inattention to assessment of statistical literacy skills
(Garfield 2000), educators and statisticians should re-examine
their educational expectations regarding the efficacy of current
efforts to develop statistical literacy skills of students at the col-
lege or high-school levels. It also seems prudent to consider
Moore’s (2001) recent call for “diminished expectations,” a pro-
posal that instructors in introductory statistics courses cannot
teach all the topics they hope to cover, given the need to teach
at a pace and depth that enable students to construct their own
understanding.

If Moore’s call is accepted, it follows that serious attention
to statistical literacy issues (in terms of both skills and dispo-
sitions) cannot be accomplished within an introductory course
focused on core statistical topics, unless educators find ways to
(a) address both core issues and statistical literacy issues at the
same time, and (b) also assess students’ actual gains in statis-
tical literacy skills. Otherwise, statistical literacy will remain a
lofty goal that is hardly realized in regular introductory courses.
Where this is the case, separate courses focused on statistical
literacy will have to be planned.

§2 Special Section: Statistical Literacy

4.1 Towards a Solution

With the above in mind, this article advocates for instruction
that exposes students to a balanced dose of exemplars for both
problematic and effective (or negative and positive) real-world
statistical reports and graphical and tabular displays. One readily
available resource that can support this approach is information
products of official statistics agencies. Educators have paid lit-
tle attention to such products, although they are the basis for
many media messages that are of interest to the general public,
officials, and interest groups (Rumsey 2002a).

The analysis of the characteristics of press releases and ex-
ecutive summaries suggests that their use offers four benefits to
educators who want to promote students’ statistical literacy.

I. Prepare students to interpret and evaluate examples for
“good” statistical reporting. Sources discussing the skills and
critical questions that students should possess (e.g., Utts 1996)
argue that users should be able to find out and reflect on many
aspects of published reports, such as: the subjects and meth-
ods used, the relevance of the findings presented to the study’s
purpose, the trustworthiness of the inferences drawn from the
analyses, the limitations imposed by the data-gathering process
on the quality of the data and on the possible conclusions, or
the social, economic, or other importance of the findings and
conclusions.

Students’ ability to critically reflect on these and other relevant
issues can be effectively practiced on executive summaries or
press releases, as they normally contain concise but detailed in-
formation about all aspects of a study, using statistics that cover
many elements of the basic statistics curriculum (Gal 2003).
Media articles or graphs, in contrast, for reasons such as space
limitations, editorial considerations, or the statistical sophistica-
tion of the reporter, present only selective statistical information,
often skip key details, and may include incorrect statistical state-
ments.

2. Increase student sensitivity to the dilemmas involved in re-
porting results. Students have to become sensitive to the value-
laden and sometimes political choices made by those who are in-
volved in reporting results from statistical studies. Such choices
include, for instance, what data patterns to show, what implica-
tions to emphasize, what language to use when describing dif-
ferences or trends found, or what results to downplay or ignore
(Murray and Gal 2002).

Since statistics agencies often carry multiple products regard-
ing the same study (e.g., a press release, an executive summary,
a full report), it is possible to ask students to compare press re-
leases, executive summaries, and actual media articles about the
same study, and comment on the choices and emphases chosen
in each one. Alternatively, they could be asked to write an al-
ternate press release that will provide a different “angle” on the
results and their implications. An interesting illustration of this
approach was provided by Gelman et al. (1998). Frankenstein
(1990) described an example where learners in a community
college basic math class are asked to evaluate how gender or
minority groups are negatively portrayed in a statistical year-
book or in official data tables.

3. Increase opportunities for statistical communication.
Calls for reform in statistics education emphasize the need to
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develop students’ communication skills, but this often revolves
around students’ own projects or other class-based activities
(Stromberg and Ramanathan 1996). When external materials
are brought in, they often are comprised of media articles whose
limitations were mentioned earlier, or academic research papers
which are likely to be difficult for many students due to terse
language and unfamiliar contexts.

Executive summaries and press releases enables teachers to
confront students with texts that (a) use different levels of formal-
ity or complexity, (b) illustrate proper statistical language, not
journalistic writing styles affected by various needs of the me-
dia, such as pressures for sensational reporting, and (c) present
statistical findings and their limitations and implications in a so-
cially meaningful context. These features may help to stimulate
students’ interest and develop effective statistical communica-
tion skills.

4. Help to reduce logistical and time pressures on teachers.
Most students who learn statistics, especially at the college or
tertiary level, take only a single statistics course (Garfield et al.
2002). Instructors face a challenge if they want to cover in the
same class both core statistical topics and issues related to statis-
tical literacy, which involve interdependent but partially different
agendas. Press releases and especially executive summaries can
serve both purposes. They contain examples for a diverse range
of statistics analyses, and discuss research methods as well as
limitations of studies, so cover a range of topics included in the
standard statistics curriculum.

Teachers can use these materials as a basis for classroom dis-
cussions or for assignments requesting students to critique re-
ported studies or suggest alternate designs. Discussing details
of studies and analyses may improve students’ understanding
of issues that affect the design and execution of data-gathering
processes, and support instructional goals associated with de-
veloping statistical enquiry skills (Wild and Pfannkuch 1999).

4.2 Limitations

Products from statistics agencies can support many but not
necessarily all instructional needs when teaching for statistical
literacy. Many statistics agencies are involved with surveys and
descriptive studies much more than with experiments. Publica-
tions regarding experimental studies and the unique issues they
involve are more likely to exist on sites of thematic or interna-
tional agencies or other organizations interested in such research,
for examples those dealing with health or agriculture. Products
of interest are of course available from other research or survey
organization such as in the nonprofit and commercial sectors,
and could be put to good use with the understanding that some
of them are created to serve specific organizational agendas that
may affect the findings and points of views selected for presen-
tation.

5. CONCLUSIONS

The quest to develop the statistical literacy of all citizens can
take different routes, depending on the target population and
the players interested in it. This article has focused on issues in
promoting the statistical literacy of students in high schools and
academic institutions who are taking introductory level statis-

tics courses. However, thousands of press releases and executive
summaries exist from which educators can choose. There is a
need to identify those particularly suited for use in classes that
aim to promote statistics literacy, and develop guidelines and
suggestions for linking these materials to specific course ele-
ments or topics.

The needed selection of materials and preparation of guide-
lines and suggestions cannot be placed solely on the shoulders
of individual teachers, who may be struggling to improve teach-
ing of core areas in statistics or may be burdened with logistical
constraints. The involvement of organizational stakeholders is
needed. Such a process was undertaken by the CHANCE project
(Snell 2002) with regard to media articles, though the harvesting
and adaptation of materials is an ongoing effort requiring con-
tinued investment of resources. The development of a similar
resource regarding products of statistics agencies can follow the
same approach, that is, be based in academia, or involve other
stakeholders such as statistics agencies.

Collaboration with statistics agencies. Statistics agencies
plan products and services in response to the needs of differ-
ent user groups and until a few years ago focused on traditional
clients, primarily officials/politicians and the media. However,
statistics agencies have increasingly expanded the range of ser-
vices for other client groups, such as journalists (Podehl 2002),
institutional clients (Helenius 2002), or students. Agencies in
several countries (e.g., Conti and Lombardo 2002) have devel-
oped census-related activities, where students collect student-
related data that are uploaded and analyzed by statistics agencies
and results are presented back to students to support mathemat-
ics curricula. Several federal statistics agencies, for example the
National Agricultural Statistics Service or the Environmental
Protection Agency, as well as English-speaking agencies out-
side the USA such as Statistics Canada, offer Web-based lesson
plans and project ideas for K—12 teachers and students.

Statistics agencies should thus be seen as important players in
statistics education and in promoting statistics literacy (Murray
and Gal 2002). As a group, they can serve a key role by function-
ing as a clearinghouse for lesson plans and teaching guidelines.
Statistics agencies are also in the best position to provide edu-
cators with sets of press releases matched with the actual media
articles that used these releases, since most agencies retain de-
tailed files with media quotes and excerpts from publications
based on their releases.

Agencies can compile a searchable collection of press re-
leases and executive summaries, organized by statistical con-
cepts/methods (e.g., frequencies, percents, averages, variation,
sampling, research design, etc.), topic (e.g., education, health,
industry, agriculture), and level of complexity. The development
of such a collection should involve a long-term collaboration
between statistics agencies and teachers, the latter providing
field-tested materials and teaching ideas. The involvement of
numerous agencies would allow them to pool their efforts and
resources. Such a collection can benefit statistics agencies, as
well. ThOis is because the collections of educational resources
would provide “user-support” for their information products,
and it would allow agencies and teachers to make the consumers
or clients of statistics agencies—the learners—better able to use
those products.
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Research and assessment. As the statistics education commu-
nity searches for ways to improve students’ statistical literacy,
it is important to note that no studies have examined the relative
effectiveness of different teaching methods in this area. Only re-
cently has a consensus begun to form regarding the sequencing
of key components when teaching introductory statistics courses
(Chance and Rossman 2001). Preliminary ideas regarding mod-
els of teaching for statistics literacy are still forming (Rumsey
2002b).

Furthermore, there are no established models for classroom
assessment regarding statistical literacy skills. This is not sur-
prising given the plethora of possible stimuli that teachers could
use and the dependency of students’ reactions on their cognitive
knowledge bases and skills but also on their beliefs, attitudes, and
action tendencies (Gal 2002). Hence, future educational devel-
opments should be coordinated with and accompanied by proper
assessment tools and research models suited to the unique nature
of statistically literate behavior.
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