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A model is proposed based on the statistical concept of the overlapping distribution method (ODM). The model is then

applied to estimate thenumberof students that canbe expected toqualify for and topass supplementary examinations.The

ODM prediction model was validated using 19 sets of examination events involving 858 civil engineering students in two

different universities. It was found that lowering themark cut-off criteria from 45 to 40%, increases the number of students

that qualify for supplementary examinations, by up to 75%. In turn, the number of students that successfully sit for

supplementary examinations, increases by about 40%. The proposed model promises to be useful in informing policy on

conflicting issues that arise from balancing the work load under large class sizes on one hand, and offering wider

opportunity to as many students as have the potential to pass.

Keywords: overlapping distribution method; supplementary examinations policy; engineering assessments; throughput

1. Introduction

In an earlier article [1], a statistical technique

referred to as the overlapping distribution method

(ODM) was discussed as a potential concept for

estimating the number of students that have the

potential to pass supplementary examinations. The

present study further develops the concept into a

model then employs it to examinematters that relate
to policy and promotion of throughput.

Further to various researches on academic per-

formance of students [1, 2], advanced learning

techniques are also being explored. These techni-

ques include computerized simulation and tracking

of cognitive abilities [3–5], Halpern critical thinking

analysis [6], use of machine learning to design tests

and examinations [7], prediction of course selection
by students [8]. Also, attempts have been made to

determine indicators or predictors of students’

performance [9–12]. In [13], it is shown that a

student’s performance in formative assessment is

strongly indicative of his /her summative assessment

results. Personality is reported to be related to

beliefs about intelligence. A study by [9] found

that personality traits (and not cognitive abilities)
gave the most significant prediction of academic

performance in essay-type questions and summa-

tive examinations. They concluded that conscien-

tious and introverted students were likely to

perform better at universities.

In this paper, a model is developed based on the

ODM concept. The model is then validated as a

statistical technique that can be meaningfully used
to predict the number of students that are likely to

qualify for and pass supplementary examinations,
having failed their original summative assessment.

Actual 10 year assessment data of civil engineering

modules, was used in the validation. Among South

African universities, the admission criteria for sup-

plementary examinations varies from a threshold

cut-off mark of 35 to 45%, depending on the

institution’s policy. In most cases, there is no clear

scientific basis justifying the adoptionof a particular
cut-offmark over the other. In the present study, the

ODM model was applied to examine this policy

criteria.

2. Reliability and the ODM concept

2.1 The overlapping distribution method

In most natural phenomena, variability is charac-

terised by normal distribution. This is also true of

class marks of students (Fig. 3). By definition, fail-

ure occurs when loading (S) exceeds resistance (R).
Since both quantities R and S are random variables,

the difference between their normal distributions

forms an overlapping area which itself is a normal

distribution, as shown in Fig. 1. The overlap area

(A) gives the probability of failure, Pð f Þ expressed
in Equation (1) [14].

Pð f Þ ¼ PðR� S < 0Þ ð1Þ

Practically, the overlap area represents a propor-
tion that would experience failure during a given

event. For a normal distribution, the overlap area

consists of A/2 = A(S) = A(R) = the probability of

failure, Pf [9]. In applying the ODM, S-distribution
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represents the group of students that fail a summa-

tive assessment while R-distribution represents the

group of students that pass it. The area A(S), gives

the percentage of students that fail summative
examinations but could pass a supplementary

examination, given the opportunity to write it.

The scoring of scripts is an end stage of a test or an

examination event. Typically, a minimum mark of

50% is required for a pass to be awarded. During

scoring, marks from the class will exhibit a normal

distribution with some marks falling at the border-

line of a pass and a fail, such as marks between say,
40 and 49%. The practice at universities is to give

supplementary examinations to students of this

category (S-group). Failure of a student to pass

the second examination opportunity is interpreted

as an indication of cognitive incapability.

Table 1 gives the threshold cut-off mark criteria

for admission to supplementary examinations at

some universities in South Africa. It can be seen
that the requirements vary from 35 to 45% depend-

ing on the institution. In most cases, the rationale

used to decide on the threshold cut-off mark does

not seem to be clear but appears to involve factors

such as large class sizes, work load of academic

instructors, ability of the students to pass given a

second chance etc. This paper attempts to contri-

bute towards a scientific andmathematical basis for
deciding this threshold criteria.

2.2 Conceptualization of ODM for supplementary

examinations

After conducting script marking of summative

assessments, two groups of students typically

emerge, namely the ‘‘Fail’’ group (F-) and the

‘‘Pass’’ group (P-). Due to errors which inevitably
occur in anymarking of scripts and in the conduct of

examinations, students that obtain the borderline

pass /fail mark, may receive an incorrect mark. So,

some students in the F-group should ideally belong

to the P-group and vice versa. As such, students that

fail marginally with a mark below 50% are usually

given a second opportunity to pass, by way of

writing supplementary examinations. These stu-

dents form the ‘‘Supplementary’’ group (S-). The
relationship between the P-group, F-group and S-

group can be represented statistically as overlap-

ping normal distributions [1]. However, the size of

the S-group depends on the threshold cut-off mark,

which may be as low as 35%.

2.3 Theoretical success rates in supplementary

examinations

During the process of developing the proposed

model, the 50%markwas set as a fixed point against
which the cut-off threshold of the F-group was

adjusted at sliding mark levels of 45, 40, 35%, to

determine the S-group. The probability that stu-

dents admitted to the S-group at each of these

thresholds, would pass supplementary examina-

tions, was then calculated [1].

Table 2 summarizes the theoretical probabilities

and likely pass rates for supplementary examina-
tions. It canbe seen that studentswho score very low

marks during summative assessment, particularly�
30% are unlikely to pass a second examination

opportunity, i.e. if they were given to write a

supplementary assessment. In fact, it takes twenty

(20) students (of S-group) with a mark of 30% in

summative assessment, for only one of them to pass

a supplementary examination. It then becomes
relevant to ask whether at all it is worth allowing

students of that category to take supplementary

examinations. From results in Table 2, it becomes

apparent that students with a great possibility of

passing, when given a second assessment opportu-

nity, are those that obtain a mark � 40% in

summative assessment. It may also be noted that if

a threshold cut-off mark of 45% is used, it would
deny an opportunity to students that obtain a mark

of 40 to 44%, of whom 30% would pass a supple-

mentary assessment.

Fig. 2 gives the theoretical prediction of expected

distribution of students that fail summative exam-

inations. It can be seen that no cognitively capable

student is expected to obtain marks below 25% in

summative examinations, under normal circum-
stances. Should it happen, it may be considered

that special circumstances may have played a role

in that student’s academic performance. Similarly,
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Fig. 1. Overlapping normal distribution curves.

Table 1. Eligibility criteria for supplementary assessment in some South African universities

Institution J W P Kz Un Rh Ct Uf

Minimum summative exam mark (%) 45 40 45 40 40 35 45 40



students that obtain an examination mark between
30 to 35% should be relatively a small number. The

largest number of students that fail summative

assessment fall in the range of � 40% mark, fol-

lowed closely by those with a mark of � 45%. This

observation justifies the argument that using 45%

mark as a cut-off threshold criteria for students

qualifying to do supplementary examinations,

would be inappropriate as it excludes a significant
number of students in the 40 to 44% range, that also

have the potential to pass supplementary examina-

tions. A discussion whether to give supplementary

examination to students that obtained 30 to 35% in

summative examination, should depend on the

number of F-group of students that fall into this

category. It was shown in the foregoing that this

category of students has a very low likelihood of
passing supplementary assessments, which is a

policy issue to be considered alongside implications

on the work load of academic instructors.

3. Validation of the concept

3.1 Assessment data

Validation of the ODM concept described in the

foregone, was done using real data sets of examina-

tion results taken from South African universities.

The data used were drawn from four modules

taught over a period of 10 years by the same

instructor.

Altogether, a total of 19 data sets involving 858

students were used in the study. Class sizes of the

modules varied from 17 to 86 students, with an

average of 47 students. Accordingly, the class sizes
were of small to medium size categories. The pass

rate in summative examinations ranged from 81 to

100%, except one module that had a pass rate of

56.5% in one academic year. Fig. 3 shows the

general statistical characteristics of the students’

examination results, for some of the modules. The

other examination events, whose histograms are not

presented in Fig. 3, invariably gave similar char-
acteristics [13]. It can be seen that the examination

results exhibit the normal distribution characteris-

tics, without exceptions. The overall average mark

for each examination event, was generally between

50 and 60%.

The number of students that sit for supplemen-

tary examinations is always lower than those that

failed the summative assessment. This is partly
attributed to policy situations in which some

students are not allowed to sit supplementary

examinations for having failed a number ofmodules

during summative assessment. In other cases,

students may terminate studies or fail to present

themselves for examinations, due to exceptional

circumstances such as sickness etc. It can be seen

in Fig. 4 that the proportion of students that failed
summative examinations and also presented them-

selves for supplementary assessment opportunity,

was between 60 and 100%.

3.2 Prediction of students that qualify for

supplementary examinations

The ODM concept described in Section 2.0, was

applied to compare the actual versus predicted
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Table 2. Prediction of pass rates for supplementary examinations

Threshold
cut-off mark
(%)

Probability
(%)

S-students
that are
likely to
pass

Is it worth
giving
supplementary
exam
opportunity?

30 4.6 0.5/10 Not
35 13.2 1/10 Not, perhaps!
40 31.8 3/10 Yes
45 61.8 6/10 Yes

Fig. 2. Distribution of students failing summative examinations.



number of students that presented themselves for

supplementary examinations, as given in Fig. 5. In

the analysis, actual pass rates determined from data

were used in the prediction calculations. The pre-
dictions shown in Fig. 5 have been done for the

45 and 40% cut-off thresholds. It can be seen that

when the 40% mark cut-off criteria was used, the

predicted number of students qualifying for supple-

mentary examinations is slightly higher than actual,

while the prediction tends to be lower when 45%

mark cut-off criteria is used. The ODMmodel does

not account for the proportion of students that
failed summative examinations yet never undertook

supplementary assessment, as discussed in Section

3.1. This discrepancy led to over-prediction for the

40% cut-off threshold.

It is also evident in Fig. 5 that as the number of

students who sat for supplementary examinations

increased, the prediction became less accurate. The

tendency of these data to ‘‘fan’’ out is evident in the

plot of residuals given in Fig. 6. The cause of the
observed heteroscedasticity is not clear. However,

these tendencies typically occur with model predic-

tions involving various natural phenomena, as

reported in the literatures [15–18].

In practice, the actual examination pass rate for a

future examination would be unknown. In such

cases, the typical pass rate may be estimated from

historical data as an average value. In this study, the
influence of using an average historical value of pass

rate in the model, was investigated. Accordingly, an

average pass rate of 83%obtained from the datawas

used in the model to predict the likely number of

students that would qualify and write supplemen-
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Fig. 3. Normal distributions exhibited in examination events of the various modules.

Fig. 4. Comparison of students that failed summative assessment with those that presented themselves for supplementary examinations.



tary examinations. The prediction results based on

average pass rates, are given in Fig. 7. It is interest-

ing to note that similar or better predictions were

obtained by using an average pass rate, compared to
using the individual module pass rates (Fig. 5).

3.3 Hypothetical analysis of success rates in

supplementary exams, work load and policy

Application of the ODM model is herein demon-

strated through hypothetical analysis on the impli-

cations of the cut-off mark criteria, class size, work
load and the proactive policy to promote through-

put. To examine these issues, a hypothetical case

studywas conducted for class sizes varied from20 to

700 students, using two pass rates of 50% and 75%

which are deemed to be representative of poor and

very good academic performance in typical engi-

neering classes, respectively. For each class size and

pass rate, calculations were done to determine the

number of students that would be likely to (i) fail a

summative examination, (ii) qualify for supplemen-
tary examination based on 45 and 40%mark cut-off

criteria, and (iii) pass supplementary examination

under the 45 and 40% mark cut-off criteria. In each

case, results were analysed with respect to the policy

on the threshold cut-off criteria, and its association

with class size and work load.

Table 3 gives results of the study. It can be seen

that for a class of 80 studentswith apass rate of 75%,
20 students may be expected to fail their summative

assessment of which eight (8) students qualify for

supplementary examination under the 45% mark

cut-off. The number qualifying for supplementary

examination increases to 14, if a 40%mark cut-off is

applied, i.e. six (6) more students would receive a

second opportunity to pass. After writing the sup-

plementary examination, five (5) and seven (7)
students would pass under the 45 and 40% mark

cut-off criteria, respectively. These results imply

that by changing the eligibility criteria from 45 to

40% mark cut-off, the number of students passing

supplementary examination increases by 40%. Simi-

larly, for a class of 300 and 50% pass rate, 150

students would be expected to fail summative

assessment. Of these, 59 and 102 students would
qualify for supplementary examination under the

respective eligibility criteria of 45 and 40% mark

cut-off. Thus by lowering the eligibility cut-offmark

from 45 to 40%, 44 more students would get a

second opportunity to progress by writing supple-

mentary examination. Of the students that would

write supplementary examination, 36 would pass

under the 45%mark cut-offwhile 50 students would
pass under the 40%mark cut-off. Again by lowering

the eligibility cut-off mark from 45% to 40%, the

number of students that fail summative assessment

but pass their supplementary examination increases

by 39%. This ODM analysis assumes that 100% of

the students who qualify for supplementary assess-

ment would present themselves to undertake the

examination, which is not true as discussed in
Section 3.0. However, the validity of the analysis is

not affected by the assumption.

From the foregone hypothetical analysis con-

ducted, it is evident that lowering the eligibility

criteria for supplementary examination from 45 to

40% cut-off mark, has a significant impact of

increasing the number of students that would pass

supplementary assessment towards their program
completion or progress to the next level of study.

For small classes of under 50 students, the number

of students writing supplementary examination (S-
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Fig. 5. Predicted versus actual number of students that sat
supplementary exams.

Fig. 6. Residuals for predictions at 45 and 40% mark cut-off.

Fig. 7. Prediction of the number of students for supplementary
examinations based on average exam pass rate.



group of students) would typically be low and not of

much concern. For medium and large class sizes,

however, the S-group of students can become quite

sizeable depending on the pass rate and cut-off

mark. For example, in a class size of 100, the S-

group for 40% mark cut-off criteria can range from
17 students at a high pass rate of 75% to 34 students

at 50% summative examination pass rate. These

numbers become quite excessive for larger class

sizes. For a class size of 300 students and 50%

examination pass rate, a 45% mark cut-off gives 59

students of S-group while a 40% mark cut-off gives

102 students of S-group. This high number of

students in the S-group for large class sizes, would
exert substantial additional work load on the aca-

demic instructor. As a result, instructors of large

classes may prefer a more stringent mark cut-off

criteria such as 45%, so as to control the number of

students that would qualify for supplementary

examination. Unfortunately, such stringency tends

to conflict with the broader policy of promoting

education access opportunities and of improving
throughput. Accordingly, these factors actively

playout within the academic system and should be

considered crucial when determining policies on

supplementary assessments. The complexity of

this issue and robust debates that surround it, in

addition to lack of a scientific basis, may explain the

observed use of differentmark cut-off criteria imple-

mented by various universities, as earlier discussed

(Table 1).

3.4 ODM model

Equation (2) gives themodel derived in the foregone

sections. To apply the model, it is necessary to first

establish the values of three parameters comprising

the class size (C) of the module, its typical pass rate

for summative assessment (Pr), and the threshold
cut-off policy for admission to write supplementary

examination. The number of students that would

pass supplementary examination (Nps), is given by

Equation (2).

Nps ¼ k:Pf ð1� PrÞC ð2Þ

where k and Pf are the coefficients given in Table 4.

4. Conclusions

A prediction model is proposed based on the

statistical concept of the overlapping distribution

method (ODM). For a given module, the ODM

model can be applied to predict the number of
students that are likely to qualify for and pass

supplementary examination. Investigations were

conducted on the implications of using the eligibility

criteria of 40% and 45% mark cut-off thresholds.
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Table 3.Hypothetical case study of success rates in supplementary examinations for 75%and 50%pass rates under summative assessments

(1) (2) (3) (4) (5) (6) (7)

Pass rate in
summative
exam (%) Class size

Students
failing
(No.)

Students
qualifying for
*suppl. exam
under eligibility of
45 cut-off (No.)

Students
qualifying for
suppl. exam under
eligibility of 40
cut-off (No.)

Students passing
suppl. under
eligibility of 45
cut-off (No.)

Students passing
suppl. under
eligibility of 40
cut-off (No.)

75 20 5 2 3
50 13 5 9 3 4
80 20 8 14 5 7
100 25 10 17 6 8
150 38 15 26 9 13
200 50 20 34 12 17
300 75 29 51 18 25
500 125 49 85 30 42
700 175 68 119 42 59

50 20 10 4 7
50 25 10 17 6 8
80 40 16 27 10 13
100 50 20 34 12 17
150 75 29 51 18 25
200 100 39 68 24 33
300 150 59 102 36 50
500 250 98 170 60 84
700 350 137 238 85 117

*suppl.—supplementary examinations.

Table 4. Coefficients for the ODMmodel

Threshold cut-off mark (%) 45 40 35 30

Attendance coefficient, k 0.39 0.68 0.86 0.99
Probability factor, Pf 0.618 0.495 0.415 0.365



The effects of pass rates and class size on work load

and policy issues, were also studied.

A reasonably good correlation was obtained

between the model’s predictions and the actual

number of students that qualified for supplemen-

tary examinations. Lowering the eligibility criteria
for supplementary examinations from 45 to 40%

mark cut-off, has a significant impact of increasing

the number of students that qualify for a second

opportunity, by up to 75%. In turn, the correspond-

ing number of students that eventually pass supple-

mentary examinations increases significantly by

about 40%.

The effects of class size, summative assessment
pass rate, and eligibility criteria for admission

to supplementary examinations, pose conflicts

between balancing the work load of instructors for

large class sizes and offering a wider opportunity to

as many students as have the potential to pass

supplementary examinations. The proposed predic-

tion model promises to generate meaningful results

that may inform such debates and policy considera-
tions.

Acknowledgements—The study presented in this paper was
funded by the National Research Foundation (NRF) of South
Africa, IPRR Grant No. 96800. The author is grateful for the
financial support given by NRF.

References

1. S. O. Ekolu, Proposed method of evaluating the eligibility
criteria for supplementary assessments, The African Engi-
neering Education Association conference (AEEA), CUT,
Bloemfontein, Free State, SouthAfrica, pp. 1–6, 20–22 Sept.
2016.

2. S. B. Alos, L. C. Caranto and J. J. T. David, Factors
Affecting the Academic Performance of the Student Nurses
of BSU, No. 12, 905-913, ISSN 2161-623X, International
Journal of Nursing Science, 5(2), pp. 60–65, 2015.

3. N. Fang and J. Lu, A decision tree approach to predictive
modeling of student performance in engineering dynamics,
International Journal ofEngineeringEducation, 26(1), pp. 87–
95, 2010.

4. R. J.Mislevy,L. S. Steinberg,F. J. Breyer,R.G.Almondand
L. Johnson, A cognitive task analysis with implications for

designing simulation-based performance assessment, Com-
puters in Human Behavior 15, pp. 335–374, 1999.

5. S-C. Chen, H-C. She, M-H. Chuang, J-Y.Wu, J-L. Tsai and
T-P. Jung, Eyemovements predict students’ computer-based
assessment performance of physics concepts in different
presentation modalities, Computers and Education, 74, pp.
61–72, 2014.

6. H. de Bie, P. Wilhelm and H. van der Meij, The Halpern
critical thinking assessment: toward a Dutch appraisal of
critical thinking, Thinking Skills and Creativity, 17, pp. 33–
44, 2015.

7. E.M. El-Alfy and R. E. Abdel-A, Construction and analysis
of educational tests using abductive machine learning, Com-
puters and Education, 51, pp. 1–16, 2008.

8. A. A. Kardan, H. Sadeghi, S. S. Ghidary andM. R. F. Sani,
Prediction of student course selection in online higher educa-
tion institutes using neural network, Computers and Educa-
tion, 65, pp. 1–11, 2013.

9. T. T. Furman, Approximate Methods in Engineering Design,
Mathematics in Science and Engineering, Academic Press
Inc. (London) Ltd, 155, ISBN 0-12-269960-2, p. 398, 1981.

10. A. Furnham and T. Chamorro-Premuzic, Personality and
intelligence as predictors of statistics examination grades,
Personality and Individual Differences, 37, pp. 943–955, 2004.

11. T. Chamorro-Premuzic and A. Furnham, Personality pre-
dicts academic performance: Evidence from two longitudinal
university samples, Journal ofResearch inPersonality, 37, pp.
319–338, 2003.

12. S. Mugisha and E. F. Doungmo Goufo, Analysis of the
performance of first year students in calculus, International
Journal of Engineering Education, 30(5), pp. 1095–1109,
2014.

13. S. O. Ekolu, Correlation between formative and summative
assessment results in engineering studies, The 6th African
Engineering Education Association conference (AEEA),
CUT, Bloemfontein, Free State, South Africa, pp. 12–16,
20–22 Sept. 2016

14. RILEM, Durability Design of Concrete Structures, RILEM
REPORT 14 (A. Sarja & E. Vesikari, Eds), E & FN Spon,
UK, p. 165, 1996.

15. ACI209.2R-08,Guide formodelling and calculating shrinkage
and creep in hardened concrete, American Concrete Institute
(ACI), 38800 Country Club Drive, Farmington Hills, Ml
48331, www.concrete.org, 2008.

16. N. J. Gardner, Comparison of prediction provisions for
drying shrinkage and creep of normal strength concretes,
Canadian Journal for Civil Engineering, 31(5), pp. 767–775,
2004.

17. Z. P. Bazant and L. Panula, Practical prediction of time-
dependent deformations of concrete. Part VI.Materials and
Structures (RILEM), 12, pp. 117–181, (1978).

18. S. O. Ekolu, Model for practical prediction of natural
carbonation in reinforced concrete: Part 1—formulation,
Cement and Concrete Composites 86, pp. 40–56, 2018.

Stephen O. Ekolu is Associate Professor of concrete materials and structures, and former Head of School of Civil

Engineering and the Built Environment at University of Johannesburg. He holds MSc. (Eng) with Distinction from

University of Leeds, UK and a PhD from University of Toronto, Canada. Prof. Ekolu is a professionally registered

engineer and a rated researcher with over 19 years of academic/industry research experience. His research interests include

concrete materials and structures, cementitious materials, durability of concrete, service life modeling of concrete

structures, environmental science, engineering education.

Stephen O. Ekolu718


