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Abstract

In an effort to balance common academic outcomes (measured by common course finals) with
academic &eedom of instruction, community college mathematics faculty developed "core |
_ "components for ten of therr mathematrcs courses in Spnng 1995 These core components were

designed by the faculty teachmg each course and deemed essentral elements of the course L |

| Addmonally, all faculty teaclung each course agreed to grade the core components xdentrcally and
include assessment of them asa part of course ﬁnal exammatxons The students core component :
scores were then compared with therr final grades Results rndrcate that the students' scores on the '

core components drd correlate with their math course grades for the courses as a whole '

| Introductron
| Today's socrety demands accountabrhty from all pubhc entmes and educatxonal mstttuttons areno "
“exception. Accountabrhty demands have not only changed the way accredrtatron bodxes evaluate
schools but have caused leglslatnve bodres to become more actrvely involved in the outcomes
assessrnent process In order to meet these demands some commonahty of assessment that is able to
be generaltzed across different sections of the same course is needed. At the college level though, a
- long lnstory of acadenuc freedom persrsts, and college mstructors expect to be able to mdmduallze
.then' teachmg process and assessment methods Thxs study was undertaken to try and resolve these |
‘ conﬂrctmg vrewpomts--could faculty retain con_trol_ over their own courses while meeting the demand

of commonality required for accountability? |



ﬁachground ,
Prior to 1992, faculty in the mathematics department at Johnson County Cornmunity College used
common course ﬁnal exams. .These two-hour ﬁnals_were prepared and periodically revised by faculty
" in the department who traditionally had the responsibility for curricular issues, Originally, the
purpose .of' these common ﬁnals was to evaluate student learning, as deﬁned b)l the department

facnlty as a whole, as well as to encourage instructors to cover all the required course content.

Current movements in education have greatly affected the nature of mathematics teaching. Calls for o

reform were issued by the Natxonal Counctl of Teachers of Mathematlcs in 1989 and the Amencan —
Mathematlcal Assocnatton of Two-Year Colleges m 1995 Both documents advocate mcreasmg
emphas:s in such areas as problem-solvmg, modehng, conceptual understandmg, and the abxhty to
communicate mathematncal ideas. Technology is also changmg the nature of mathematxcs teachmg |
Within the last decade, the advent of the graphing calculator has enabled students to avoxd some of
the tedious nature of graphmg, and tno\(e toward understanding the implications of the results. :
These changes howener have not been welcomed by all members of the mathentatical education : |

community. In fact the faculty of the mathematxcs department at Johnson County Commumty

College form a wxde cross-sectxon of that commumty, thh dtverse ommons on these issues. Smce .

departmental agreement on many aspects of the teachmg of mathematxcs was not possxble
mstructors began to desire more acadetmc ﬁ'eedom to pursue what they considered to be more -

effective teaching and assessment strategies.

Due to these concerns, instructors received permission to produce alternative forms of course final



-exams, begmnmg inthe spnng of 1992 These altematrve exams had to cover the deﬁned course
content in at least as comprehensive a fashxon as the departmental ﬁnal exams, and required

departmenta_l approval before their use. Asaresult, few alternative final exams have been developed.

In the fall of 1994 adnﬁnlstrators at Johnson County Community College voiced concern ‘about} the - '
.outcomes assessment process across the college at the departmental level In the mathematrcs :
department, the most obvious. component of the. current assessment strategy (and the one that was
most generahzable across drﬁ‘erent sections of the same course) was the common course ﬁnal exam.
Although every mstructor gave the departmental final exam in courses where alternatrves did not _
exist, gradmg was done mdependently, by whatever means the rnstructor déemed appropnate
' Therefore although the same exams may have been grven, the scores could not be used as a
consistent outcomes as_sessment measure across the entrre course. When an alternatrve exrsted, of
course, no common outcomes measure could be provided by ﬁnal exams. The Final Exam - |
Committee was estabhshed and charged by the mathematics program dlrector to examine the current
process, obtam mformatron from departmental faculty, and facilitate drscussron of thei rssues with the
hope that faculty could reach consensus on how to meet the request for a consistent cutccmes
‘ assessrnent measure. Essentrally, if the comnnttee reached its objectrve the resultmg ﬁna! exam .. - .
would then be snmultaneously provrdmg several measures, mcludrng | | |
‘© student academic achxevement (as deﬁned by the department as a whole)
° student academrc achievement (as deﬁned by- Carl Perlcms funding requxrementS) |
® student academrc achxevement (as defined by the rndrvxdual mstructor)

e - instructor aocountabrhty (as deﬁned by administrators)



i e m e e e e ot i«

A survey of all—thculty in th_e rnathematics departx'nent (which achieVed a response rate of 96% for
full-time and 64% for part-time faculty) produced some interesting results, Basically, it was |

determined that there were many philosophical differences about what constitutes good mathematics
teaching and testing. Rarely did even 70% of the faculty have the same opinion ahcut_any part'icular‘ ‘

final exam issue.

| The commxttee aﬁer consxderable dehberatxon, proposed a solutnon, to try to satlsﬁ/ both the '
accountability and academxc freedom issues; specaﬂcally, a two-part ﬁnal exam. The first part called
the "core," would provide a completely consistent measure of academic achlevement of the basxc -
concepts across all sectlons of the course by requiring that it be mcluded on all exams thhout

| alteratnon, and that it be graded 1dentlcally by all mstructors It was proposed that these core
component 1tems would compnse no more than half of the pomts that could be awarded on the ﬁnal |
The second part, called the "free pomon, w would allow for dlfferences in mdmdual mstructor's
professnonal Judgements The format of the free portton, the questxons the manner of admtmstratton, K
the gradxng, the use of calculator formulas and/or notes would be completely at the dnscretxon of

eachi mstructor

To evaluate whether thxs solut:on was even feasxble subcomrmttees ot‘ fac"ulty,‘ 1nuolvlné all“full-txnte |
| | and mterested part-tune mathematxcs mstructors at the college were estabhshed for the ten o
mathematlcs courses that offered at least four sectnons of each course in Sprmg 1995 (Table l)

First, those faculty teachmg each course rewewed the estabhshed course outcomes leadmg to |

revised outcomes in four courses. Second they revxewed items on the estabhshed final exams to



determine whether previously written questions could bé used for the core items, Third, new core
exam items or modified available exam items were wntten $0 that_each core question was a basic
question of moderate difﬁculty for the course, met one majot,ou_tcome in the course outline, and was
unbiased withlregard to calculatot use. Also the colnmittee insured that every major outooxue ofthe -
course was addressed by at least one core question. Finally, to be included in the core, it was -
decided that at least 80% of the faculty had to agree that the component was an essenttal element of -
the course. 'Ilme was set asule dunng regularly scheduled m-semce sessions for the ten comxmttees ;

to meet, allowmg for almost all faculty to be mvolved n tlus process for tlxe courses in wlnch they o

expressed i mte.r@st-_

Table 1. Subootnnllttee Results‘.for Each of the Ten Matllematics Courses _Selected for Study

Were the * | Number of - | Minimum %
| questions on faculty. 1
— ns __lcore |approving |
thdamentals ofMath = S ) 100% . |
| Introduction to Algebra No 2 10 9% -
Intermediate Algebra Yes 7 10 90%
Business Math No 2 9 100%
| College Algebra . Yes 5 10 83%
{ Trigonometry - . - l - No - 0 5. 100% -
Pre-Calculus ] ™ 2 9 100%
| Statistics o No 3 ' 100%
CaleulusT " | Yes 5 10 | 100%
Analytic Geometry-CalculusI " Yes 5 1| 8%



Course grad_es- across verious instructors-arerecognized as unsuitable commen measures of
achievement. Milton, Pollio, and Eisoh (1986) provide evidence that grades carry different meanings -
to different faculty (not to mention other groups). Olson's (1 989) study in the Dallas school district

is a typical example of the eoor correlation between ;eacher assessments and Standardizec_i tests. In
contrast, the facuity in this project were not int_erested in what makes faculty assessment strategies |
ﬂiﬁ'erent from others, bx;t what may be coinmoﬁ With fhis approach, co'urse grades 'become'_the ‘

measure of each individual instructor's assessment of student performance.

_ o -v Purpese -
‘The purpose of this etudy 4was tWofold: . |
l_. to determine if coﬁsensus ani_ong’ faeglty thh diverse opkﬁons was possible in conStructing a
set: of ﬁnal exam questiens (ealled core components) fhat -measure: essential elements ina
eeﬁes. of xﬁathemeties coﬁrses and ih the essessment of ;tudént kno'wledge, and -
2. -to determine whethei' success en these co_;"e components, required as part of each course's
final examihation, was related to eaeh instrdctor’s assessment of a student’s performance (as

measured by course grades). - - -

Methodology
The core compbpent items, _constructed By faculty to ﬁ:easure essential 'ele'ments ina senes 6{ o
mathemaﬁcs eeurses, were included as part ef the Spring 1995 final exams in the ten selected .
courses. The core corhpenent >items v&efe graded identically by the instructors in ihe agreed upen

manner. The scores were reported separately along with the course grade for each student who took
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the final examinations. Scores and grades were then grouped by course, No identifiers enabling

. links to _individuals were used for any participating faculty or students;

To oetermine if the core components were related to 'thecourse grades Pearson correlations |
between the core component scores and the ﬁnal grade were computed for each course and for each _'
instructor. To deterrmne 1f certain course exammat:ons were much more d‘xﬁicult than other course
exarmnattons the mean core component scores were compared to the total pomts poss;ble and
compared across courses. To detemnne if the data appeared linear (or at least showed a monotonie
trend_), cross tabulation tables were created. To determine whether students were obtaining high
: grades without the core component _knowledge or were receiving low“grades in spite of their' : |
knowledge, cross tabula_tion tables'were also examined. To find if any indivrdual instructors’
assessrnents (i.e., course grades) were unrelated to the core components, individual low correlations

and high p;values were examined and compared to the overall correlation for the course.

; . Results :
The average grades and standard deviations for the courses were very shnﬁar across sections and
- most of the course means for the core components fell within two standard dev:atxons of the total
number of points possnble (see Table 2) The courses for whxch this was not true were College
Algebra and Calculus I, where the mean scores on the core eomponents were more than two

standard devratrons below the total pomts possible...

Since the total points possible on each core varied from S to 55, comparison of mean core scores



across courses was accomplished with percentages (Table 2). The highest average score percentage

was in Business Mathematics with 76.1% whnle the lowest, and the only average score of less than -

half, was in College Algebre with 38.8%.

Table 2. Means and Standard Deviationsbof Core Components and Grades by Course

Fundamentals of Math

| Number of
| Students

213

2.75

127 § 743

Introduction to Algebra 494 |10 253 || 245 | 131] 6538
Intermediate Algebra - 579 |10 608 | 234 | 241 | 129608 |
Business Math 146 9 J 685 | 1.90 | 276 | 130 || 761
College Algebra 581 17 659 | 438 || 230 | 121 388
Trigonometry I a0 | 5 261 133 ] 230 | 144522
| Pre-Calculus T s [o ﬂ 450 | 226 || 281°| 118 ] 500
Statistics 176 |16 1189 | 3.5 || 2.95 1.osﬁ 743
Calculus I 8 |18 | 922 | 428 | 250 | 114|512
Analytic Geometry-Calculus T 79 |55 ‘naz 71 ‘1'2;28 268 | 119 | 613

" Table 3 mdrcates the Pearson eorreiatlons between the core components and the course grades by

course, All correlatxons were posntnve most were relatxvely hrgh, and all were statnstxcally sxgmﬁcant

at p=0.005 or better Onlyin tngonometry, with a maximum of 5 possrble pomts forthecore . -

components, was the correlatron of the core with the course grade less than 0.60.

However, at the individual instructor level, Intermediate Algebra had five instructors (outof 21

reporting) with correlations below 0.50, including one with a correlation of 0.15; Introduction to
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Algebra had two.instructors (out of 26 reporting) with correlations below 0.50; and Business Math
(nine instructors), Triganometq" (three instructors), Pre-Calculus (five inétructors) each had one
inﬂmctpr with a correlation below 0.50. In every case, these cor‘r'elatidns' below 0.50 were not

significant at p=6.005. .

Tabig 3. Pearson Cdn;qiatioris of Core Componentsthh Course Gfi&es by Course L

L e Number of | Total | Pearson’
Fundamentals of Math - 223 10 0.79 <.001
Introduction to Algebra 494 10 074 <.001
Intermediate Algebra 579 10 0.64 <.001

| Business Math 146 9 0.63 <.001
Coll_egé Algebra 581 17 0.70 <.,001
Trigonometry 80 5 0.58 <.001
Pre-Calculus .58 9 0.61 <.001
Statistics 176 | 16 | o4 | <oo1
CalewluisT .~ - -f .28 | 18 | om. | <oo1 |
Analytic Geometry-Calculus I J 79 55 0.76 <.001

Discussion . . ..

‘Overall, it apbéars that the pfocess of constructing and usihg core boxﬁponent items on final

eianﬁnations can, in fact, hélp produce a balance between common academic 'ougcpines and faculty's -

- academic freedom of instruction. Additionally, the use of fewer common examination items may not

necessaﬁly lead to the weakening of standards. During this process, however, several other issues o

‘and concerns were raised.
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Some difficulties Oceurred during the development of the core components that resulted in immediate
. currleular changes. For example, during the college algebra discusslons, the only question appearing | .
on the old departmental final exam regarding systems of equations was actually.covered ina
orerequisite course. Substantial discussion was held as to whether it was appropriate to include what
was essentially a "review" question as part of the eore, whether the "new” material in the chapter was
sufﬁeiently appropriate and signiﬁcant to test on the final exarn, o_r whether the chapter was even
necessary as part of the course. The result was‘ to inelude'the "nevlr" material, and several instnxetors

commented that they would need to spend more time on this topic. -

Since there was contention among faeulty about what constitutes an appropriate pedagogica] - |
approach to teaching in College Algebra, faeulty expected that its correlation tavould be among the
lowest. Conversely, because of the agreement among thsiness Math faculty, it was eXpeeted that
the correlatron for thrs course would be faxrly lngh In both cases, faculty expectattons were not
valtdated by the data Correlatrons for College Algebra, both by course and mstructor were in the
middle of the group. The course correlation for Busmess Math was in the lower half of the ten '“_ o

[

courses wrth severa] mstructor correlatrons farlmg to reach srgmﬁcance

Several faoulty erthressed coneem abont the ability of the design of the coreléomponents to meet the - 5»
'four siniultaneous ohjeetives of the final exam. Ideally, to obtain ideal measores for all fonr R

| objectwes, one mrght use four separate exams However class tlme and student patience are ﬁmte

and thrs desrgn seems to meet the basic requrrements of all four objectrves The core provrdes a L

common measure of student achrevement for the department and for Carl Perkms fundmg, as well as

un



an administrative control, while the free portion provides individual instructor measures of student

achievement.

Since a portron of the course grade was computed by usmg the core questtons (although the gradmg

procedure on those same questrons may have dlffered), the analysis may be brased toward producmg '

hngher correlatxons ‘One way to approach this problem is to mathematnca]ly remove the effect of the-

core quest:ons on the course grade (see techmcal note).. An exammatxon of all spring 1995

mathematxcs course syllabr provided values for the percentage of the course grade detemuned bythe

core score (denoted as a) for each section of the ten courses (Table 4). In no case dtd any

Acorrelatron coeiﬁcrent drop below 0 50, nor was the significance of any of the correlatxons affected.

Table 4. Original and Unbiased Correlation Coefficients by Course

Unbiased Correlation Coefficients ... using...

- | Original Correlation
Math Couree ‘Coeﬁocient : average valueof @ | maximum value of & -
Fundamentals of Math 0.79 0.77 0.76
 Introduction to Algebra 0.74 0.71 0.70
| Intermediate Algebra 0.64 0.61 0.60
Business Math 0.63 0.60 -~ -0.60
College Algebra 070 - . 0.64 S 0.60
Trigonometry . 0.58 . 054 . 0.53 -
Pre-Calculus 0.61 0.57 0.55
Statistics - 0.64 0.59 0.59
Calculus 0.71 0.67 066
Analytic Geom.-Calculus I 0.76 0.71 0.71
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The mathematical approach was successful in removing one of the two possible sources of -
tnstructor-mduced bias in our study, namely that due to the final exam bemg a percentage of the final
grade in each section. The bxas caused by contmgency clauses through which i mstructors replace
low or rmssmg scores thh the fmal exam score could not be accounted for here, since the
replacement could potentlally be dtﬁ‘erent for every student enrolled in the ten sectnons and
mdmdual student data was not collected Based on exannnatton of the course syllabx replacement A

pohcres ran from a srngle test to 100% of a student's grade being replaced with the final exam score.

| An addmonal questxon concermng grade mﬂatxon was ratsed In order to try to 1dent1fy whether |
grade mﬂatton was present m any of the courses, mean- grades were compared to the core scores and '
regressron equat:ons were calculated (see Table S) The regressxon equatlons mdxcate that on the
average, students who earned no points from the core 1tems on either College Algebra and Pre-

Calculus final examinations would still pass the course thh D grades, ‘

Imphcatlons
Currently, the project mformatxon and results are bemg shared and dlscussed .w1th the mathematlcs
faculty Process problems mdlcated by lack of agreement between 1nstructors (' in Intermed:ate '. L
Algebra, for example) should be addressed and solutxons unplemented by the }xnathemattcs faculty, B
| prior to the unplementatlon of required core ﬁnal exarmnatron 1tems Course problems mdrcated by .

low core component means (m College Algebra, for example) wrll also need to be addressed by the

‘ mstructors in those courses.
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“Table 5. Regression Equations and Means of Core Components and Grades by Math Course

- Regression

- MathCourse ation
Fundamentals of Math 10.47x-0.74
Introduction to Algebra 10.38x-0.08
Intermediate Algebra - - | 0.36%+0.24
Business Math 0.43x - 0.20 -

. College Algebra 0.19x+ 1,11
Trigonometry 0.63x + 0.66
Pre-Calculus 0.32x + 1.39
Statistics - 0.22x + 0.36
Calculus 1 - 0.19x+0.85

| Analytic Geometry-CalculusT _ f| 0.07x+0.20

. In terms of statlsttcal tmphcatlons lf the pro_;ect is replxcated the data should be collected ina
manner which will allow the core component scores and the ﬁna! course grades to be mdependent It
would also be advxsable to ensure that the impact of the core final exam 1tems be the same on all

students course grades Contmgency clauses allowmg students to accumulate enough pomts dunng

 the term so that the ﬁnal exam is unnecessary also aﬂ'ect the re!atnonsh:p between the core scores -

and the ﬁnal course grade and need to be taken mto account

One of the beneﬁts of this study to the mstrtutxonal researcher is that it aﬁ’ords the possxbrlxty to |

conduct outcomes assessment and research across courses while mamtarnmg the acadermc freedom

of the individual faculty member The relatxonshxp between ﬁnal grades and the common course ﬁnal

14
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also provides for the possibility of examining other curricular differences across sections of a course,
e.g., whether the use of scientific calculators makes a difference in the success of students or whether
a three-credit-hour course offered in a five-contact-hour format for underprepared students is

beneficial.

In terms of broad educational issues, the results of this research suggests that a balance is possible
between academic freedom and the'oommo'nality necessa'_ry for assessment--it is not an either/or
situstion. Although agreement did not ocour in every instance, this project also indicatés that faculty

consensus is possible on these issues.
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Techmical Note
We_ can xeathemaﬁcally adjust the eorrelation' coefficient for the bias caused by the effect of the core |
questions on the course grade. Let us ’assign ihe variable x to the core score data, and .the'varieble z
to the course grede data. 'from this date, we oﬁgineﬂ); eomputed a mnelédon coefﬁcient 'r and a
regression equatnon z=a, +bx. Now z is not mdependent of'x, so the coemcwnt r, is blased
Letus assxgn the vanable yto the pre-oore grade of the student, and assume that the relatxonshxp
between the three vanables is glven by z=q0x + By The (x,y) data will not contam the bias we .

- mtroduced earlier. We need to find an expressxon for the unb:ased correlatxon coeiﬁcxent r, m terme S
of the (x,z) data. Let the coeﬁ'lcxent o be the percentage of the course grade Wthh was detetmmed
by the core (adjusted for the different scales of measurement used in thex and z data) and f be the
percentage of the course grade determmed by pre-core student work Now we use deﬁmtxons and

properties of statistics (from Wexss, pp 289 and 787), and employ some algebra. From the

, S.
and the regression coefficient by = -57“?-, we

=, S

definitions of the correlation coefficient ry =

- . b s | | T
can obtain the relation 7, = -i;”- —r,. Using the definitions of §,, and S, in the definition of b,
. - y ) -

we can substitute the equation z = ax + Py and obtain the rela{ion b, a4 Bby, which leads to

SR , |
the ratx -I;’; = % ( 1 - -5-) F‘mally, we can show that the standard deviation propert:es

4
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'om = Jo? + 03 and o,, = [do,w also hold true for the sgmple ‘fonnulas as well as the population

22 ' ‘ :

formulas, and then show that -£ = -‘1-3- 1- a’-f-z-, This leads to our final result, the unbiased

correlation coefficient r, = —f(—f--—-?—- It is probably noteworthy that this formula doesnot - - .
Z Zz .

'direc'tl'y‘ depend on the sample sizen. | o
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