Authentic, Career-Specific, Discovery L earning Projects

in Introductory Statistics

Project Description
Overview

Many liberal arts, business and education majaysire a statistics course, as do
STEM majors in health sciences and engineeringtisiits-based research informs
pharmaceuticals licensing, political polls and ott@rny, real-world issues. Innovative
teaching methods in statistics will benefit marnyzens, mostly those in non-STEM
disciplines. The research literature and a prelary study indicate the innovations most
likely to improve student outcomes will connect smutopics to real-life applications.

A prototype for authentic, career-specific, disegvlearning in statistics has been
developed at North Georgia College & State UniwgrsiProject coordinator Dr. Robb
Sinn, co-Principal Investigator Dr. Dianna Spencé Baculty Associate Ms. Andrea
Hendricks will develop materials based on the psgplomodel of instruction and
scientifically evaluate their utility.

This CCLI Phase 1: Exploratory proposal target¢s“@reating Learning
Materials and Teaching Strategies” and “Developtagulty Expertise” components of
the cyclical model for improved instructional priaet The materials produced will be a
guidebookfor instructors and a workbook for students witheea-specific, problem-
solving units. These materials will allow any mustor to implement this model of
teaching and can supplement any standard textiist atatistics course.

This initiative has théroader impact of applying to a wide audience of non-
majors taking a service STEM course and STEM disap that utilize statistics.
Preliminary results indicate learning outcomes lenhanced in two ways: student
achievement will increase, specifically transfeeeand retention of knowledge; and
student attitudes toward statistics will be imprvé@ he grant-funded work will deliver
this unique course design to more than 300 stud@erdprovide workshops to more than

50 high school teachers and college professormayMagh schools now offer AP



statistics, and most two year colleges have staias one of their core offerings. This
work benefits students and instructors at all thes®us levels.

Regardingntellectual merit, the proposed methods of instruction are based on
widely-accepted best-practice pedagogies suchtae &arning, collaborative groups,
integral use of relevant technologies and authgadieer-specific projects. A working
prototype is in place and initial findings show mrise. The pilot evaluation will include
a valid and reliable survey instrument to compheeachievement and affective student
outcomes between a treatment group and contropgr&esearch subgroups will include
a four-year university, a two-year college andghtschool. The results will be of
interest to mathematics education researcherghanehaterials will help statistics
instructors across the country and at many diffeeencational levels.

Research has shown that effective teaching stestegn improve performance
outcomes, attitudes toward mathematics and thefeeence of problem-solving
strategies to non-mathematics and non-school gsttiResearch and best-practice
educational methods informed the development optbé&type teaching framework.
These tenets are foundational and a brief reviethefiterature (see below) summarizes
important findings:

* Learning must be active.
* Leaning endures longer when students discover ptsitieemselves.

» Learning is enhanced by working with collaborati#ems and relevant
technology.

* Learning is improved by authentic problem-solvihgttrelates to prior interests.
The development of this prototype has been an oggairriculum development project
at NGCSU. The initial pioneering by Pl Sinn (Spri2004 — present) has been further
developed by co-PI Spence who recently utilizedntle¢hod in two sections of statistics
(Spring 2006). The pair have honed a student grgfeucture that guides the discovery-
learning process in authentic, real-world settin§81n’s statistics section this semester
worked in career-grouped teams with career-relegselarch questions.

Two investigations give preliminary indicationstbé prototype’s usefulness. A

survey indicated the co-PI's three sections (n =&l significantly improved attitudes



toward the real-world usefulness of statistics cara@ to a two-section control group (n
= 53), and a qualitative textual analysis of projedte-ups from Robb’s career-specific
section (n = 33) indicated approximately half thedents strongly connected course
material with real-world settings. These findirymplify the outcomes anticipated

based on educational best practice and matheneaticsation research (see below).

M easur able Objectives

The syllabi of introductory statistics typicallywar procedures chosen from
seven basic types: regression, confidence interghissquare, ANOVA and the three
types of t-test/z-test (one sample, independenpkanand dependent samples). By
strategically arranging topics, instructors catagiauthentic, discovery learning projects
to help students develop deeper insights into thetjge of statistics-based research.

The proposed initiative will complete the followithree objectives: (1)
development of the model and supplementary masarguired to implement it
including instructor guidebook and student workhd@j evaluation of student outcomes
in a pilot project utilizing the models and matésjand (3) dissemination of both the
supplementary materials and the results of the.pilo

Each objective is measurable. The first objeasve concrete deliverable. The
supplementary materials are the linchpin of thgppsed research study and have been
partially developed. Objective 2 will be measudeding the pilot study utilizing a
survey instrument in a treatment vs. control grstyaly. Objective 3 will be met by
offering the 1% day professional development wooksthto 50 high school teachers and
professors, by presentations at professional ngsetind publications in peer-reviewed
journals, by maintaining a resource website fatigtas instructors, and by seeking

publication of the materials (see letter of suppam W. H. Freeman'’s statistics editor).

Detailed Project Plan

The majority of college students do not major ®TEM discipline, yet teaching

service courses for the liberal arts is possibéyrtiost important (yet least-loved?) duty



of mathematicians. The introductory statisticsreewcan be practical, beneficial and
interesting to a wide range of students. The pedanodel of instruction will help
mathematicians structure statistics courses wahiesearch-tested, best-practice format
that will improve both performance and attitudinatcomes. The positive impact will be
felt in nearly every discipline across the collégiaducational spectrum and will foster
collaborations between mathematicians and manySideM disciplines.

The description below will first demonstrate the@lpgogical need for the
prototype instructional format by briefly reviewingportant research literature and two
preliminary research investigations. A projectdime and specific description of the
work to be conducted follows. A final sub-sectagtails the capability of the research

team to conduct the project, the overall evaluatibthe project, and dissemination.

Assessment of Need: Literature Review

Development of pedagogically sound statistics utdion is essential. Statistics
educators have repeatedly suggested improvemeapiscially ones that focus on
implementing the scientific method utilizing authierstatistical experiences, but these
calls for improvement have not been widely heedglqe, 2005). When best-practice
pedagogies have been implemented in statisticsesuthe results have been positive for
achievement and for improved attitudes towardstie. There is a strong indication
that apprentice learning, a modality wherein stisleomplete real-world mathematics in
authentic settings, develops better conceptualrstateding as well as better transference
of knowledge to non-mathematical and non-schodinggst (Boaler, 1998). Researchers
found statistics courses based on more constrattivbdels improved student attitudes
toward statistics and that personal relevance pomant for successful learning in
statistics (Mvududu, 2003). A researcher used-stasdy methodology to evaluate a
real-world, project-based approach to learningsttes and found that students learned
more from the project than from any other instrueél component of the course. The
researcher further reported improvements in stuaerivation (Yesilcay, 2000).



There is also evidence connecting positive studetdomes and attitudes toward
mathematics as well as motivation for learning reathtics. Researchers performing a
meta-analysis of 113 mathematics education stddiexd a significant influence of
attitude toward mathematics upon achievement irnemaatics (Ma & Kishor, 1997).
Results from an exploratory study using an actithgory model based on Vygotsky’s
work suggests instructors in statistics coursesdvda well to consider variables from
the affective domain as an integral—not periphengétof the statistical learning
process (Gordon, 1995). Additionally, interestriathematics is an increasingly
important factor in course selection as studenisHisecondary school and move into
college (Kéller, Baumert, & Schnabel, 2001).

A review of the literature on using computer siatigns in statistics courses
found little current evidence that simulations ioye student outcomes (Mills, 2002).
Mathematicians may be the most abstract thinkeedl &TEM disciplines and are likely
entranced by thought experiments or simulationsstudents in liberal arts service
courses often prefer more concrete activities. ddethe co-PlI’s offer the following
definition: authentic statistics activities indicate throughout this doeunt “the collection
of real data pursuant to a student-developed hgsatland connected to a prior interest.”

Middleton and Spanias (1999) conducted a revieth@fiterature surrounding
motivation to learn mathematics. They reported thaeful design of instruction can
strongly influence student motivation for mathemstchievement which increases the
likelihood students will choose to take future nesttfatics courses. They provide a
beautiful summation of the goals of the proposdihiive: “Students must understand
that the mathematics instruction they receive efulsboth in immediate terms and in
preparing them to learn more in the fields of matagcs and in areas in which
mathematics can be applied (e.g., physics, busie&s$. Use of ill-structured, real-life
problem situations in which the use of mathemdtcsitates uncovering important and
interesting knowledge promotes this understandf{pg81). The reports cited in the
CCLI Program Solicitation offer similar recommeridas. The proposed initiative

merges well with the relevant research and teaat@iogmmendations for STEM courses.



Assessment of Need: Preliminary Resear ch

A key objective for this model of instruction isitaprove affective outcomes. In
a treatment-control design, a six-question sunfeattdudes toward the usefulness of
statistics in real-world settings and in one’s fataareer was used to compare Sinn’s and
Spence’s sections to a control group at NGCSU. Qimmbach alpha coefficient
obtained for the instrument was 0.85 confirmingcigsistency and reliability. An
independent samplégest was significant at the 0.10 level and offaediminary
evidence that students who are exposed to thisigtginal model benefit by connecting

course concepts to real-world ideas and their éutareers.

Sample Size | Sample Mean | Sample Standard Deviation
N X S
Treatment Group 88 4.38 0.99
Control Group 53 4.13 0.88

(For more details, see supplementary document.)

A qualitative analysis was conducted on the texheffinal project write-ups in
Robb’s section (n = 33). The final paragraph ahestudent’s project report was a
reflection guided by the two questions “What didiyearn from this class?” and “What
did you learn from doing this project?” Each stutkeparagraph was coded by the

research team according to the following scale:

Categories IV [l I I
Attributes Explicit evidence of Explicit evidence of Irr_1p|icit evidence off No evidence of
Used for both real-world and either real-world or| either real-world or| any real-world or
i career-specific career-specific career-specific career-specific
Coding connections connections connections connections
—] 2 s s 1

Students in Categories Il and IV gave specifidewvice of how they had used statistics
already. For example, one student wrote that ¢trecepts taught in class | actually feel
| will be able to take with me in the real worldicamentioned having already used

course knowledge in another class. One studegested further interest: “I will



probably take another statistics class becausdHidk it will help me out with real life
situations.” Two students mentioned how the ptsjenhance learning: “From this class
we have learned that we can apply stats to everyfgay prove or disprove common
theories.” Students repeatedly mentioned theweald value of statistics, for example:
“I like this class better than other math coursesaoise it is more relevant to real life
situations. This project is the perfect exampleetdting course material to real life.”

The qualitative analysis details are availablthensupplementary materials along
with verbatim reproductions of the final paragrayplevery project write-up submitted
(Sinn’s section, Spring 2006). Half the studemts/led evidence they realized the
important contributions statistical analysis mataeeeal-world knowledge. The results
of both the survey and the text analysis indicageltenefits one would expect from the
research literature are likely to be realized dytims project.

Project Timeline
The objectives are sequential and form a threeepimglementation plan. The

pre-pilot developmental phase (Objective 1) willmgyise Summer and Fall 2007.

Project Timeline & Overview

Tasks Timeline Work Product

Survey Instrument

Instructor Guidebook

Student Workbook

Data Collection for:

e 4-Yr College Implementation
Phase 2 | Pilot Testing Spring 2008| «  2-Yr College Implementation
e High School Implementation

Materials Development | Summer 2007

Phase 1 Pre-Pilot Instrumentation Fall 2007

Professional Development Workshops
Summer 2008 Research Article Submitted

Fall 2008 | Project Website Operational
Professional Conference Presentatipns

Phase 3 | Dissemination

The instructor guidebook and student workbook h&lldeveloped by co-PI's Robb and
Dianna and aided by the NGCSU multidisciplinaryneduring the Fall semester.
During this phase, the survey instrument will beadeped with the help of educational



research consultant Dr. Frank Pajares of Emory &isity (see letter of support).
NGCSU statistics classes will be used to validageinstrument.

The pilot phase (Objective 2) will take place dgripring 2008. Faculty
Associate Hendricks will implement the instructibmeodel in her statistics courses at
Georgia Perimeter College (GPC), and an AP Stadistburse will be taught using these
methods at Forsyth Central High School (see leftsupport). The final project phase
will disseminate the research findings and develapstructional materials. Research
findings will be evaluated by the co-PI's in Sumr@@08 and subsequently submitted to
a peer-reviewed journal, with the professional dgw@ent workshops and other

presentations occurring in Fall 2008.

Project | mplementation Plan

Materials Development. Based on the mathematics education literature, Dr
Sinn and Dr. Spence developed a prototype counsetste at NGCSU that allows for
authentic research experiences on the part of stsidie the introductory statistics course.
By placing regression topics early in the coursejepth team projects (with tasks
stretched over a six-week timeline) are completszliahalfway through the semester.
Research questions for the projects are developéarée-person teams based upon
common career interests.

The projects require students to think about sudesygn, representative samples,
outliers, scatter-plots, strength of correlatiod @anediction equations. Students enter
their data sets into Excel and use spreadshedidnsdo analyze their data both
numerically and graphically. The teams preserit tiesults to the class and submit a
written report of their findings. A numeric summarf each data set generated is then
posted on the Internet. Students access “popuolatiatistics for their final group
comparison projects that utilize hypothesis tgsfirocedures such &s$ests. Projects
are team-based, utilize technology, require woddpcts over an extended timeline (a
month or more) and include all aspects of studgyesuand sampling design, data

collection, statistical analysis and reports ofliirgs.



The drawback of the prototype structure is twatf@lssessments of the projects
can be both difficult and time-consuming, and th&fgssor has an advisory role in which
some expertise in statistics-based research methagseem necessary. To help
ameliorate these issues, the instructor guidebalbkentain complete resources for
conducting the career-specific, discovery-learrpngjects in authentic settings. One
workbook section will present a “how-to guide” fastructors with practical suggestions
for implementation including grading rubrics, sugigel timelines, sequence of topics and
technology tips. Pre-designed project templatesgrading rubrics will help with the
assessment difficulty, and the ready-made collactariables and mini-instruments
offered in the guidebook will reduce the need fatmodological expertise.

Co-PI1 Spence personally confirms the usefulneseoprototype structure. She
implemented the prototype herself for the firsteim two sections of statistics this
Spring semester (2006). While she has expertisenaathematics education researcher
well acquainted with quantitative research methets,found the existing components of
the instructor guidebook to be a vital and valualgsnponent of her course development.
The quality of the materials led directly to a segsful implementation of the project
structure during her first time teaching the course

Faculty Associate Hendricks of GPC has extensiegiate mathematics
teaching experience (14 years), but she has linexperience with teaching statistics (1
year at start of pilot) and little experience wsthatistics-based research. These attributes
are an intentional part of the evaluation of tHetphtended to assess the difficulty of
implementing this course design without a praati¢ios expertise in applied statistics.

The proposed initiative would further develop finetotype structure with the aid
of a multidisciplinary statistics team. The teamud include participating faculty from
seven NGCSU departments who would be given $1,688utation incentives for their
help in developing project variables and reseattelas for the projects. Collaborating
departments are of two types. First, departmekesHsychology & Sociology, Political
Science & Criminal Justice, and Business requiedritroductory statistics course as a

prerequisite course for their own research metlsodsse(s). Second, several majors



require the course in preparation for graduate alobloimplementation of research-based
practice, for example, Biology, Nursing, Physicakefapy, and Education.

The work of the multidisciplinary team will provadstudents with access to many
more variables to be studied, especially ones Bpegithe disciplines mentioned above.
Collaborators have already been selected in mattyeoflepartments (see letters of
support). To say the least, those in other departsrhave met the idea of statistics
instruction relevant to their disciplines with emslasm. The expertise of many
practitioners will be codified into the supplemdmteterials, especially the instructor
guidebook, so that all instructors can successfaijylement these authentic, career-
specific, discovery-oriented student activitie®ititeir courses.

A second course component would be simultanealestgloped by this
multidisciplinary team: career-specific problemsog units from ten different majors
with about fifty problems each. The problem-sodyimits (which form the student
workbook) will be a serendipitous outgrowth of ttadlaboration with the
multidisciplinary team and the research necessabgst develop the instructor
guidebook. As potential variables and study ideascatalogued, examples of current
statistics-based research will be found that acessible at the introductory level. The
goal is to obtain fifty problems from each of thése disciplines that are related to
typical introductory statistical procedures. Thelpems will be organized by discipline
and would total more than 500 exercises. The waoklran then be used in place of
typical course examples to provide specific stuslenth examples that will be of
importance to them in their careers and future awacl endeavors.

Pilot Phase. The pilot evaluation involves a four-year collegg5CSU), a two-
year college (GPC) and a high school (Forsyth @éhktigh School). The major research
instrument will be a survey that measures undedstgrof statistics ideas as well as
affective and attitudinal variables, especially pleeceived real-world relevance of
statistics. To help develop and validate the umagnt and verify its reliability, the co-
PI's have enlisted the help of Dr. Frank Pajaresigssor of education at Emory

University (see letter of support). Among his mangdentials, the Science National
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Honor Societywebsitespecifies that Dr. Pajares “serves on six edittaards, is a
Fellow of the American Psychological Associatioo;editor of the book series
Adolescence and Education, and associate edittveafournal of Educational
Psychology.” Dr. Pajares is known to and has wankeéh both co-PI's in the past and is
interested in lending his immense expertise tcetrauation phase of the project.

The research design will compare treatment graipGCSU, GPC and Forsyth
Central High School to control groups at both tbkeges. At NGCSU, the four-year
college, both treatment and control groups will poise approximately six or seven
sections (n = 225). At GPC, the two-year colleggmroximately two sections of
statistics taught by Faculty Associate Hendrickié serve as a treatment group (n =50)
along with a similar number in a control group. eThigh school will have a single class
in the treatment group (n = 25) and no control grou

When minors are involved in the study, most edoaati researchers avoid
treatment vs. control designs, and school boards as&fuse approval for this type of
study. Thus, the high school will have a treatnggntp only. The study will not be
compromised. The aggregated AP Statistics exanitseer the research district and
other Georgia school districts are available inghblic domain can be used to assess the
conceptual understanding of statistics demonstiaydtie high school treatment group.
The affective gains in the high school treatmenugrcan be compared to the other
active research groups which will serve as a basédir interpreting the results.

The survey instrument alone would be quite valuabkbhose interested in
improving statistics instruction. Once validated aleemed reliable, the instrument
could be used to determine the utility of otherowative methods. Dr. Michael Bodri,
NGCSU'’s Dean of Health and Natural Science and aneatthe co-PI's, proofread this
document and pointed out that STEM-specific siagshstruction should not be
neglected. With this instrument or another bagehut, educators teaching intermediate
and advanced STEM statistics courses could bettermdine how to help students
understand the research significance of statistittsn their chosen STEM careers.

11



Dissemination. Dissemination efforts will be considered succestfidur
requirements are met. First, two professional igreent workshops will be conducted
for a total of 50 statistics instructors at leaaf bf which are expected to be high school
teachers. This goal is supported by an NSF repattnoted the introduction of advanced
placement statistics in high schools dictatestifa@ing and education about teaching
statistics must be more vertically focused (Lindgésttering, & Siegmund, 2004).
Second, a project website will be developed andtamied. Third, the materials will be
submitted for possible print publication. Finalbgveral conference workshops will be
conducted at professional meetings.

The most significant dissemination component isli¥teday workshop offered to
high school statistics teachers and collegiate emagtics faculty. Participants will
receive detailed training in using the proposetriucsional method and course materials.
The workshop will demonstrate how to quickly anidlyaassess student presentations
and papers, how to utilize the various technologeeded, how to troubleshoot student
project designs and questionnaires, and how tgrate courseware and the Internet with
the project structure. Full-scale workshops wdllosted at NGCSU in Fall 2008, but
condensed workshop formats of two hours and fourswill also be developed. The
co-PI's will submit proposals to present these owanrkshops at several NCTM,
ICTCM, AMTE and MAA/AMS regional and national meags.

A website will be created and maintained so thatkalwop participants and other
interested instructors have access to all matertalatistics textbook publisher W. H.
Freeman has agreed to strongly consider theseesupptary materials for publication
(see letter of support, Ruth Baruth). Beyond the Criteria above, the co-PI's also plan
to submit the results of the research study teadtlone peer-reviewed research journal.
Professional presentations based on the resultalad be offered in relevant
mathematics education research communities. Oyptes will be sought to
disseminate these findings and this course streitteyond introductory statistics into
STEM statistics course instruction where resultscate fitness and suitability.
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Capability

NGCSU is ideally suited for the collaboration nesagy: a small, public, liberal
arts college with at least seven departments wteyser more majors utilize statistics in
their undergraduate coursework. The establishimfemimultidisciplinary statistics team,
the recruitment of top educational research coastland the extensive collaboration
network which includes both a 2-year college amiya school all provide strong
evidence of the capabilities of these co-PI’s tplament and complete this project (see
letters of support).

Within the Math/CS department, three computer [aoside student access to
statistics software including SPSS, Excel and Fathé laptop computer lab is available
for use during statistics classes. Dr. John CrdghiMath/CS chair, has written a letter of
support that commits these facilities for granatetl purposes to develop, implement and
evaluate the project materials.

Co-PI's Sinn and Spence are mathematics educatwsersurvey-based research
utilizes multivariate statistics and both have agsk experience studying mathematics
achievement variables and variables in the affeawmain. Both typically teach two
introductory statistics courses and Sinn additilgrtelaches the upper-level Probability
and Statistics sequence for departmental majors. Hdndricks has been teaching
mathematics for fourteen years at the collegiatellbut will be teaching statistics for the
first time in Fall 2006. This level of experienadl enhance the results of the pilot
offering evidence of the model’s utility when atfgied by a non-expert in statistics-
based research methods. Further, Ms. Hendrickggteeputation and years of service
at GPC will facilitate her role as research cocaithin both for the treatment and control
groups at GPC. Co-PI's Sinn and Spence have batiht at the high school and college

levels, experience that will facilitate the vertiggtegration components of the project.
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Conclusion

This authentic, career-specific, discovery-leagrapproach to statistics
instruction appears likely to produce the qualiglevance and impact common to NSF
funded projects. The pedagogy is student-focusedway that contributes to the STEM
education knowledge base. Thmoader impact of the proposal is invigorating:
Students in non-STEM majors even as early as higbat would be the primary
beneficiaries of improved instructional methodsari STEM majors would benefit by
early connection of statistics to their fields tfdy. The improvement in affective
variables would be likely to influence how studethisk about mathematics by relating
their statistics-based investigations to autheptcger-specific inquiry. More than 300
students and 50 instructors will be directly aféetby the grant initiative, and immense
initial promise has been demonstrated based oresi®arch literature and the preliminary
research conducted on the NGCSU prototype.

Development of these materials will foster facultycussion across many
departments, as will their subsequent use. Thissaskions may introduce
collaborations that not only enhance the STEM etiloieal community but also the
outreach of STEM educators to faculty in the sebethavioral sciences, business,
education and political science. Society will bi#grfeom more sophisticated consumers
and practitioners of statistics.

Theintellectual merit of the proposal includes its framework of well-@gted,
best-practice pedagogies such as active learnatigborative teams, discovery learning,
integral use of relevant technologies and authemttt career-specific projects. A
prototype has been field-tested with encouragisglte. The pilot phase will rigorously
test the merits of the proposed model of instructibseveral educational levels and in
varied formats. The research modality is well-ptee practice in educational studies,
and the research team has the capacity to devetbdeploy this elegant research design.

In sum, the proposed CCLI development projecte-grounded in mathematics
education research and best-practice pedagogyimpiementation of these methods

and materials appear likely to improve outcomesafbroad spectrum of students
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extending throughout and well beyond STEM discigdin The primary investigators and
sponsoring institutions are ideally situated toalep, evaluate and disseminate the

proposed teaching method and corresponding material
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