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Improving the Cross-Comparison of Educational
Achievement and Evaluation

Adrian letd, Rodica let}

Abstract - The achievements of engineering students are
evaluated using particular grading scales. Arithmetic
mean is usually employed for grade aggregation. We show
that this measure renders correct results only for
equivalent scales as defined in the paper. If grades from
non-equivalent scales are aggregated, rank “errors” as
well as “absurd” averaging may happen, as we originally
observed in practice. Decision-making based on arithmetic
mean aggregation of grades may be true, false, or fuzzy,
according to our analysis. We also argue for the choice of
grading scales in conducting cross-comparison of students
achievements. Our analysis also has relevance for regular
grading and scaling methods, which we tested on
engineering students with excellent student feedback. The
grading technique proposed in this paper is particularly
suited to engineering courses and it appears fit for
promoting higher teaching and evaluation standards,
paralleled by increased interest and higher competition
levels for all student categories.

Index Terms - achievement and evaluation, decision-making
equivalent scales, grading scales, grade or mark conversion.

INTRODUCTION

Internationalization of universities, mobility of students

between departments, schools, states, or countries, distarlBe®

education and globalization trends in general are facto

contributing to engineering graduates having grades assigngba

Thomas E. Doyfe

Therefore, it is worth noting that the types of gradiogles
used in schools are ordinal [6, p. 114],4. 305].

Letter grade (l.g.) scales represent an important type of
grading scales; initially developed at Harvard [8], thewno
carry an intuitive meaning [9, p. 26] and are used extensively
in North America. Although grades may carry some degree of
subjectivity, they appear in transcripts as error-free.

Although grading itself is a difficult task, assessingrall
performance in a variety of courses for reliable cross-
comparison of student achievement is an even more
challenging attempt. Whether more or less appropriate, the
(weighted) arithmetic mean of individual grades is often
employed in practice as a cross-comparison measure (it is well
known that arithmetic mean is not an appropriate statistic fo
an ordinal scale [3], [6], [10], and educational grading scales
are in fact ordinal). Some decision-making processes are based
on the interpretation of the (weighted) arithmetic mean of
measured data sets and are often employed in schools for
candidate selection. In a recent work [10] we proved a
theorem for the selection of ordinal scales that are equivalent
from the point of view of arithmetic mean. In this case,
comparison of arithmetic mean (ranks) originating on dsfier
ordinal scales is appropriate.

Some essential properties of particular grading scales used
onjunction with the arithmetic mean will be presented in
IS paper by means of examples. We are not dealing with
thematical proofs for the statements we make. The

on multiple grading scales. The problem of assessing studefigthematically inclined reader is directed to [10], [11] for

overall performance is obvious and arises from the need
compare achievements. Finding the right measure for th
purpose is not the topic of our investigation here. Instead

t?)uch purpose. Although letter grades will be used in our

gxamples, this does not significantly limit the generalitgu
analysis of scales, as l.g.s will stand for common rarilts av

focus our attention on a measure often used in practicQartiCUlar meaning associated with student achievement.

namely, the arithmetic mean of students’ grades and on hol{sing (weighted) grade averages [12] in assessing overall
this can consistently be used for such a purpose student achievement has certain consequences, not necessarily

Evaluating engineering students’ course performance (bLBretuitive. The result of mathematical manipulations of grades
not only) may be a difficult task as marks have an impt)rtarfis frozen measurements can be evaluated and it constitutes the
function for student selection processes [1]. Grading scald§2Son for presenting our research results.

with different numerical assignments are used nationally and OUr Interest in th'ls tOp'% was  prompted kl’:y several

internationally for achieving this goal. Scales can be classifiegPUnterintuitive examples we have come across. For instance,
into different categories [2]-[5]. Different marking technes one graduate st.udent with a degree from a reputable university
try to measure student achievement and to group students'th North Am_enca_l sFarted a gradl_Jate program at another
ordered categories, which actually do not have a IinearrepUtable university in N.orth America. Hls_course averages
correspondence to the degree of knowledge measured®® A- and A, respectively, on the grading scales of the
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issuing institutions. The second institution requiradogerall (<) = 11+8+5 _ g - rank B onS;;
A- average in order to be admitted in scholarship  ° %)= 4 ’
competitions; although the student's achievements have been . 11+11+8+5 _

ranked as at least A- for each individual school, his overaIMb(So) - 4 875 (<9)=> rank B orS,

cglc_ulated average (for bqth schools) ha_ls never met theyt us consider the sca®={A+=30, A=26, A-=22, B+=18,
minimum A- criterion to qualify for scholarships. B=15, B-=12, C+=9, C=7, C-=5}. The l.g. sgt has the
The goal of this paper is to contribute to the deeper . 2 . : .
understanding of results observed in practice (sucheasrth numerical forms; = {26, 26, 15, 7} with an arithmetic mean
mentioned above) and to provide support for improvingM ()
decision-making procedures relying on grade averaging as anc¢*™
overall assessment of student achievement. Based on tiifus, evaluating the same set of l.g.s on sc8lesnd S,
criteria. we developed for equivalent grading scales, wWerovided the same rank for the arithmetic mean (B) and a
suggest marking procedures when scaling/curving of thgifferent rank (B+) or§.. This simple example shows that the
grades is involved. corresponding rank of the arithmetic mean depends on the
numerical assignments of the scale where the average is
calculated. Naturally, some questions arise:
1) is the correspondence of the ranks of average associated
The letter grade scale can usually be represented as a set  With S,andS,always valid? _ _

S={A B, C,D,E,F} 2) what are the general conditions that numerical assignments
where the letter grade categories are associated to hierarchié Scales need to meet so that evaluating the rank of the
ranks A >B > C> D > E > ' >” stands for “higher in rank average on either scale may always preserve the rank?
than”) and individual letter grades may have subranks (for Empirical verification of the ranks of calculated averages
instance A+ >A > A- > B+ > B > B- > C+ >C > C- > D+ > (for the same set of |.g.s) for numerical assignments dn$ot
D > D-). For the purpose of o@xamples, we will consider and S does confirm that the two numerical scales are
the following L.g. (sub)scaleés={A+, A, A-, B+, B, B-, C+, equivalent in this respect. We answered the second question

C, C-}. A popularnumerical assignment associated with thisPy demonstrating a theorem for equivalent scales [10]. Our
l.g. scale isS={A+=4.(3), A=4, A-=3.(6), B+=3.(3), B=3, theorem says that if two numerical assignments of the same
B-=2.(6), C+=2.(3), C=2, C-=1.(6)Another numerical scale categories of a grading scale (for instance {A+, A, A-, B#,

is often used in correlatiowith conversion of lg. B- C+ C, C-}) are linearly related, then the rank oé th
S={A+=12, A=11, A-=10, B+=9, B=8, B-=7, C+=6, C=5, arthmetic mean of an arbitrary set of grades is the same,

_26+26+15+7 _,ac (< 22)> rank B+onS.
4

LETTER GRADES AND ARITHMETIC MEAN AS AN OVERALL
M EASURE OF STUDENT ACHIEVEMENT

C-=4}. Assuming that measuring student performancdrrespective of the numerical scale. betx, . . . x be the
resulted into a set of grade's=s{A, B, C} and the arithmetic numgncal assignments increasing in values (and ranks) of a
mean of the numerical assignments needs to be calculated, tA[@ding scaleS, = {x;, X, ..., Xa}, and y, Y, . . ., ¥ the

average is regularly employed as a measure of the over&@rresponding values (and ranks) for the grading s@les
achievement of the student. For instance, if the student wéés’l,k)’z, -f--,hYn}- Tﬂe two scalesf will produc:ca thg sa;ne BYEGIOf
graded on scale,Sthen the set of grades 8 = {x, = 4, % = ranks of the arithmetic mean for any set of gades if andibnly

ith thmeti ‘ y=ax+b (=12..,n) (2)
3, % = 2} with an arltlmetrlc mea:+03+ 5 wherea andb are real constants. It can be verified tBaand
M.(s)===Yx = =3 (1) s are related according to relation (2), whileand S, or S,
ro = 3 and$& are not. Therefor&g,andS, are equivalent and they are

The common interpretation of this average is an overalot equivalent td. If a certain group of students has been
educational achievement of rank B. Let the set of grades gfaded using numerical assignments fr&n it would be

another student b& = {A, A, B, C} (corresponding toss —  correct to us&, for comparison of grades or averages.
{4, 4, 3, 2}). The average on sca® for this set of grades is OVERALL STUDENT ACHIEVEMENT ASSESSED FORSETS OF
M, (%) = 4+4+3+2 _ 325 (< 3.(3) =B+). GRADES ORIGINATING ON NON-EQUIVALENT SCALES

The interpretation of this average is also a rank B (with thl?:1 ;va;s/a;:re;:?;svlvye a\l/:/?jllljigllﬂgk?;sr:nsk(falzfs,tzﬁn?:mu?vzlee%? kn
common assumption that in the case of an average falling In y vary an . ; q - ANy
, . . Wo scales with numerical assignments (ranks) not followaing

between the scales’ numerical assignments, the rank of the . . .
linear relation (2) are non-equivalent. However, even if such a

average is associated with the lower l.g. of the numeric . : )
. . inear relation existed, it would not render the scales
values). It can be easily verified that had the students been

raded and evaluated on tBgscale, results similar to those €quivalent unless a one-to-one correspondence of ordered
9 ' ranks (and subranks) were present. For exangle{A=4,

on S, would be obtained for the rank of arithmetic meslﬁ.: A-=3.(6), B+=3.(3), B=3, B-=2.(6), C+=2.(3), C=2,
2_ C-=1.(6)} is not equivalent t&, because there is no one-to-
{11,8,5}, §,={11,11,8, 5} and one correspondence for the ranks of the scales.
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TABLE | TABLE 1l

DIFFERENTNUMERICAL ASSIGNMENTS OFLETTER GRADE CLASSES EXAMPLES OFABSURDAVERAGING

Li (.g.) Sh Sa S IM(s): M)} > M, (s5) = M, ()
A+ 90, ..., 100 4.(3) 12 { A+, A} S B+
A 85, ..., 89 4 11 { A A} > B+
A- 80, ..., 84 3.(6) 10 { A- A} S B+
B+ 77, ..., 79 3.(3) 9 { A A} N B+
B 74, ..., 76 3 8 { A A} N B+
B- 70, ..., 73 2.(6) 7 { A- A- 1} > B
C+ 67, ..., 69 2.(3) 6 { B- B- } > C+
C 64, ..., 66 2 5 (B B- } N Cc+
C- 60, ..., 63 1.(6) 4

. . _The S concatenated set of gradgs and §° gives
Some numerical assignments for letter grade scales are given % 9 sf,s % 9

in table | for direct comparison. s;:sjz ={ 12, 4x11, 2x10, 9, 8, b,
It was argued tha, andS, are equivalent. There is a one- and its average is

to-one correspondence between the rani& ahd those o8, o _ )
: . . . M,(s) =99 (<10)-> rank B+ onS,

However,S, contains subranks having numerical assignments’ ° : o )

The subranks of, do not have distinct meaning & and  @verage of two sets of grades, both with average ranksof

therefore S, and S, are non-equivalent with respect to resulted into a concatenated set of converted grades with an

arithmetic mean. A justified endeavor would be to asdess t arithmetic mean of rank+

impact of calculating the overall rank of arithmetic mean of {(A)n (A=) )} > (BH). _

sets of grades when the grades originate on scales wilany other examples of this type can be found, as shown in

nonequivalent numerical assignments. We will therefore studjable Il.

averages of combined sets of l.g.s fr@®p and S, As One would expect that the rank of the arithmetic mean of
results of the study are identical if we ®&@ndS, instead. averages of each independent set [10]. The explanatiomisor t

apparent contradiction is rooted in the fact that for all
examples corresponding to cases in Table I, the rank of

S, (which becomess; onS;) and another ses; onS,(which  average fors, (when converted t&, is always lower than
becomessf onS). If the student’s numerical grades obtainedthe one calculated for the concatenated séfs
onS, are S = {100, 89, 89, 79, 66} 100, 2x89, 79, 6p, My () <My(8%) =M (s) -

and those 0, are% ={11, 11, 10, 10, 9 } 2x11, 2x10, 10, For instance, in the case of the numerical example discussed

_ . _ above, the set of gradeg ={ 100, 2x89, 79, 6, with an A-
9 }, then the calculation of the arithmetic mean for each set of

grades gives rank of average o8, becomess, ={ 12, 2x11, 8, }, , when

M, (s}) =846 (<85)-> rank A-onS; converted tdS,, with a B+ average. The_re_fore, fr_orr_1 a set of
22102 (< 11)> rank A- ons, grades of B+ rank and one of A- rank, it is possiblés(dlso

My () =10. ' common-sensical) to obtain a B+ rank for the average of the

The pair of sets @ 35) characterizes overall student concatenated set of grades. If the arithmetic mean is to be

performance and if an overall arithmetic mean for all grades icsalcngated org, (33 op:tpolsed tﬁi,),.tolthel same 'll'% fr?rﬁ,

to be calculated a conversion scheme/rule must be establish& ¢ correspond muiliple numerical va uesJnTherefore,

The usual conversion of sets of grades to/ff§mfrom/to  converting S, to S, (and obtainings,) is fuzzy. However,

numerical scaleS, is performed between similar 1.9.s minimum and maximum numerical values can be identified
according to the intuitive correspondence indicated in Table hccording to the minimum and maximum values associated

In order to calculate the average of all gradesSprset 5, With each L.g. class i, (see Table ). The fuzziness of grade
conversion is further propagated into the calculations of

arithmetic mean of concatenated séi%,sﬁF 5#2 = 51:
We calculated averages for all possible combinations of |.g.

Let us consider a student who obtained a set of §y.en

needs to be converted to a set correspondin@lD ton S, In
order to perform this operation one has to identifydlgsses

S, = {A+ 2xA, B+, C} with corresponding numerical values as given in Table lll. The comparison of the ranks of
ons, Sw:_{ 12, 2x11, 8, § arithmetic mean can be summarized as follows:

- ) 1 ) b-*
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« 25 l.g. combinations (69.4%) - the rank op i$ lower A : TABLE I|1I CRAE S
than or equal to the one og S VERAGING ELEMENTARY LETTER RF?aDrI]Ek TS
. I1 l.g. ﬁomb;nation O(ﬁi.?% ) - the rank & is strictly ls"g' elementary sets M, (<) M, (<) My (&) Rar;k
ower than the one 08, "= {L , L} min__max min_ max My (9)
e 71.g. combinations (19.4 %) - the ranks on both scales are* A+ c- 75 82 8 B A B
equal; o o £ A+ C 77 83 85 B+ A B
* 3 1.g. combinations (8.3 %) - the rank §nis higherthan & A, 79 g5 9 B+ A B+
or equal to the one dj. "
. . . A+ B- 80 87 9.5 A- A B+
The rank of the concatenated sets of grades is not mvanouué o 8 5
to the scale but rather heavily depends on the inherer‘u6 A+ B 8 1 A A A
properties of the numerical scales. It can be concluded tha$” A+ B+ 84 90 1 A A A
calculating the average & will normally result in ranks of _s” A+ A- 85 92 11 A A+ A
the average lower than the corresponding ones calculated ogf A+ A 88 95 12 A A+ A
S, scaleS, having a strong bias in this respect. Althoughthegs o ¢ 73 76 75 B- B B
analysis here was performed on two particular n_on-equwalenltsuo A c 75 78 8 B B+ B
scales, the result is rather general and the issue of scalg;
) . A C+ 76 79 8.5 B B+ B
selection is of utmost importance. If the rank of the avendg "
sets of grades is considered to be correct on a particular scalé,— A 88l 9 By A B+
then other ranks that may be obtained on other scales can s’ A B 80 83 9.5 B+ A- B+
considered erroneous. These rank “errors” may occur and they* A B+ 81 84 10 A A A-
may consist of one, two, or more rank deviations whenadets g5 A A 83 87 11 A A A
grades from non-equivalent ordinal scales are compared. g5 A C. 70 74 7 B- B- B
&7 A C 72 75 75 B- B
CRITERION FOR CHOOSING A ‘FAIR’ SCALE FOR $° A C+r 74 77 8 B- B B
EVALUATING STUDENT ACHIEVEMENT A 75 79 8.5 B B+ B
. . . s A B 77 80 9 B+ A B+
Assuming that a student selection process is based on—a
i ; ; ¢ A B+ 79 82 9.5 B+ A B+
minimum arithmetic mean rank of the overall sets of grades;
. . . 22
conversions and multiple non-equivalent scales are usually¥ B+ C- 69 71 6.5 C+ B- C+
involved. Decision-making processes may be inadvertentlys® B+ C 71 73 7 B- B B-
influenced by the very choice of the scale used for overalls>* B+ c+ 72 74 7.5 B- B B
student evaluation. Grading students’ performance orderses g, 5. 74 76 8 B- B B
students in groups of hierarchic ranks for each individual B+ B 76 78 8.5 B B+ B

course. Numerical assignments corresponding to each rank;

(for instance l.g.) are of no relevance as long as the hierarchy
i i g% C 69 71 6.5 C+ B- C+

of ranks is known. However, evaluating overall student -

achievement may vary according to scale when non-equivalent™ C+ 71 73 7 B- B- B-

B C- 67 70 6 C+ C+ C+
B
B

scales are used. s B B- 72 75 7.5 B- B- B-
B
B
B

The averaging properties of the scales are dictated by theigs: c- 65 68 5.5 C C+ c
numerical assignments. Thus, each school or department. c 67 70 6 c+ C+ ct
implicitly adheres to hierarchic values generated by the -, o5 c+ B cr
averaging properties of its chosen type of scale used fot )

grading its students. With this observation in mind gietn -—S. G+ C- 64 66 5 ¢ ¢ ¢
that in general students have sets of grades obtained ofi” C+ C 66 68 55 C C+ C
numerical scales that are non-equivalent to the scale of th€® Cc Cc- 62 65 45 C- C C-
school or department where the overall assessment takes

place, the ‘fair’ scale to be used for such purpose is oldyious FuzzINESS AND BIAS

the scale employed by the school or department where the ) . ) ] ]

evaluation is performed. Although the conversion of grades L€t us consider an engineering candidate selection process
that scale may not be unique (as in the example of conversidivolving national and mternaﬂonal studentsSdfis the scale

from S, to S, it provides a proper indication of how studentslocally employed for gradlng students, afg, § are two

could have performed overall on that scale, which represent§ales used for evaluatioBi(to be used for students having
the hierarchic values applied in the case of the school’s &ades only from the school where the selection takes place,
department’s own students. In such a case, the comparis8AdS to be used when students also have grades assigned on
would be consistent with the locally accepted hierarchi@ther numerical scales), the candidates can be grouped in
values, as it is performed uniformly for all students alhdets ~ categories [11]:

of grades.
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C1 - candidates having grades only from the school wihere strongly biased in terms of averaging properties (see the
selection takes place (sc&¢) and evaluated 0&;; example ofS, which is strongly biased to provide lower
C2 - candidates having grades from the school where the ranks of arithmetic mean with respect3pfor the same
selection takes place as well as from other scales equivalent to l.g. set.), this may result in consistently accepting or
S and evaluated 08; rejecting candidates from a particular school due to its
C3 - candidates having grades from the school where the grading scale [11] rather than to student achievement.
selection takes place (non-equivalentSp as well as from

other scales equivalent ®and evaluated o8; GRADING AND EQUIVALENT SCALES

C4 - candidates having grades from the school where t

. . r’@radin tests may consist in ranking student work on a
selection takes place (sc&e non-equivalent t&) as well as g y g

. particular numerical scale. Many times grades are not directly

from other scale§ nonequwalen}Scand evaluated of. btained on a scale but rather a raw score is processeatifor su

In ‘agreement with our analysis, a few remarks may be qf ;hose. et us consider the following numerical sGate{A

interest. _ _ = {90, ..., 100}, B = {80, . . ., 89}, C = {70, .., 79}}. If for a

* Students belonging tdC1 will always be correctly gmai class the results of the tests produced a set cfaanes
assessed in terms of their rank of arithmetic mean as tregut of 100 or percentag&., = {98, 72, 70, 60, 51, 8}
scale chosen for assessment is the one used by the sch@@lerical grades need to be assignedSoriThe fact that
where they belong. . students did not necessarily obtain high scores doesean

* Converting all the grades of the students in gr@@pto  that the entire class deserves low grades but rather refiects t
scale§ leaves the rank of arithmetic mean unchanged agye| of difficulty of the test with respect to that class
the grades of these students were obtained on scalggmpare a regular mathematics test to a test given at an
equivalent toS; thus their rank assessment is consisteninternational competition, for instance). Therefore, evenesc
with the hierarchic ranks to which the school organizingyt 50 or 48 may indicate a significant level of student
the selection adheres. achievement, depending on the nature of the test. Assigning

* For students irC3 the conversion of grades from other numerical values to be used for further processing (avedaging
scales (excep®s) to scale§ is consistent with the rank s an important and non-trivial task. Given that the ircttr is
assessment on those scales as they are equival&nt togple to assess what raw score range should correspon@to A,
Although calculating the rank of the overall set ofor C, the issue of converting the effective raw score stbteto
(converted) grades of is appropriate with respect to numerical assignments of A, B, C, etc., arises. If the icttru
grades obtained on scales other tBarfall equivalent to  assesses that the l.g. and raw score ranges are related
S), it is not appropriate from the point of view of the according to I.g. categories according to {A = {80, 81, . . .,
hierarchic ranks to which the school making the selectioqoo}, B={60, ..., 79}, C={45, ..., 59}}, what wod be a
adheres. A§ is non-equivalent t&, different hierarchic  fajr correspondence to the numerical valueS.afcale? From
ranks of the arithmetic mean are associated with it anghe point of view of the analysis of equivalent scales predent
therefore with students belonging t€1 and C2.  in this paper, we propose that a fair correspondence would be
Converting grades frorf to § may also cause fuzziness gptained by making the I.g. subscales equivalent (numerical
of the overall assessed rank (see examples of grag@lues for the A range o8 scale should be obtained by a
conversion fron§, to S,). linear transformation of the ‘raw score’ range for A, ancbn

+ For students belonging tG4 the conversion of all the for the rest of lg.s.). With such a transformation, the
grades from scales non-equivalen§as not appropriate  numerical grades obtained frasm, = {98, 72, 70, 60, 51, 48}

as it is not consistent with rank assessmentSgnto : _ : :
. X : iss =199 86, 85, 80, 74, 72; .. The procedure is consistent
which the school adheres. Also, converting grade§ to %=1 }e P

may cause fuzziness of the overall assessed rank Hk ordering students within the same l.g. category and in
discussed for categofi3 students. preserving the arithmetic mean subranks. We tested this

« If only categoryCl andC2 are involved in the selection 9rading/ scaling method on different engineering and non-
process, the rank identification is always correct, a§ngineering students and on variable class-sizes, always with

argued above, and thus the decisions made are alwa§@ excellent feedback from students. ,
true. The curving technique was applied, for instance, to

« If categoryC3 or C4 students are also involved in the ETE264, ETE366, and _ETE470, all electrical engineering
selection process, rank identification may be unique ofourses. The class was informed that the graded tests would
fuzzy; as the asséssment of rank is obtained on gpa|e'”C|Ude two numbers: the raw score, obtained throughict st

(non-equivalent t&) for categoryC3 or C4 students, the marking procedurfe, and another one, representing the gnade o
decision-making process is altered by the fact thar[he chosen grading scale. The curved grades spanned the
different categories of students are assessed on scales Vmgular range of A, B, C, D, and E L.g.s. At the endhef
different hierarchical values: categd@® andC4 students course thes_tudents were aske_d tq respond. a_monymous_ly to a
are assessed Ghwhile categonyC1 andC2 are assessed questionnaire and to give their sincere opinion regartheg

(essentially) onSs. Accordingly, the decisions made in fairness of the evaluation of their course performance.
such cases may 'be true falsé or fuzzy&dfand S are Although no student can be pleased with low grades thas
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almost unanimous agreement that the evaluation aofonceptually consistent with the analysis presented in this
performance in the course was fair; only in a few casepaper. In our opinion, the procedure is likely to be tmos
students considered that they probably obtained a better magKicient in allowing for enhanced teaching and evaluation
than expected. The raw score associated with their gradetandards, particularly in engineering courses, where egsrcis
likely made them think that they may have deserved a lowewith higher levels of difficulty can be included in testsheut
grade. The reaction of these few students proves that someadfecting the overall efficiency of the evaluation. Although
the students will show inertia to accepting other hiefarch we have not solved the problem of overall student assessment
values than those they were used to. It is worth notiagttte  we provide insights based on mathematical grounds and

instructor who employs this technique may appear to stsidensuggest procedures meant to improve this process.

as both a tough and a generous marker (because of the scalin
procedure). The curving method can also affect the type of
questions used in tests. In a highly heterogeneous clagg,
difficult questions will crash the weaker part of the class,
while too easy questions will not differentiate among estiis! 2]
in the upper levels of the class. The scaling method presented
here allows for the use of test questions with an ovbkigtiler 3]
difficulty level than it would be possible without any sag|
without compromising the correct and consistent ranking of
students. Such an opportunity obviously promoteshdrig
engineering education standards. In our practice, we noticed
that the technique particularly engaged more students ff!
continuously improving their engineering skills and
understanding of concepts, while it also enhanced clag€l
interest and competition at all levels.

Although the grade curving procedure described in thig]
section may appear cumbersome to apply in practice, our
experience shows that it becomes a trivial operation once a
spreadsheet is set for this purpose. (8]

CONCLUSIONS

. . [9]
Cross-comparison of student achievement as reflected In
grades is often performed in practice employing weighted
averages and grade conversion. When two or more NOfyy;
equivalent scales are involved in the calculation of the
arithmetic mean rank, the rank of the concatenated set of
grades may be lower than those of each of its independept;
grade sets (on their original scale). We called this
phenomenon “absurd” averaging and explained the result. We
do not claim to have found the ultimate solution to assgssi [12]
overall student achievement irrespective of the grading scale
used. Nor do we argue for the appropriateness of ubiag t
arithmetic mean for assessing overall student achievement.
However, we do argue that when the arithmetic mean is used
as such measure (with all its inherent problems relateleto t
meaning of the result) the procedure is consistent only fo
equivalent scales (as defined in the paper). Also, when
converting grades for the purpose of finding an overall
parameter for student achievement reflected by sets of grades
obtained on non-equivalent scales, for the sake of censist
the conversion should be performed to the scale used by the
student’s current school or department. We showed hew t
equivalent scale analysis can be applied to regular grading
procedures when raw scores are involved. Besides the
theoretical aspect of this approach, our practice has
consistently been paralleled by excellent student response to
this new scaling/ curving procedure. The technique appears
rewarding from the students’ point of view and it is
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