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Abstract

This study aimed at investigating the effect of class size on reliability
estimates of college-students course grades. Course grades were considered
as composite scores with congeneric parts: first exam score, second exam
score, final exam score, and attendance score. The reliability of these scores
was estimated using Raju formula with three or more known lengths. To
conduct this study, 63 classes were sampled from among all classes at Jadara
University in Jordan in the second semester 20011/2012. These classes
represented small, medium and big sizes with equal number of classes for each
size. The results of this study showed that, in general, reliability estimates for
all classes were low. The mean reliability estimate for all classes was 0.55
with 25% of classes being classified as having low reliability, and 65% of
classes as having unacceptable reliability. The mean reliability estimate for
small classes was 0.68, whereas it decreased to 0.41 for big classes. Finally,
the relationship between class size and reliability estimates was shown to be
significant, with small classes having higher estimates of reliability.
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Department of Measurement and Evaluation ~ Faculty of Educational Sciences
Faculty of Education -Jadara University The Hashemite University
Introduction:

Class size is one of the important factors that affect students’ scores,
and evaluation tools implemented by instructors at colleges to assess their
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students. Many studies were conducted to address the effect of class size on
students’ achievement, class attendance, and the recommended methods and
strategies for teaching. Reduction in class size resulted in better students’
achievement (Achilles, 2003; Finn, 2002; Finn, Gerber, Achilles, & Boyed,
2001; Graue, Oen, Hatch, Rao, & Fadali, 2005; Smith, Molnar, & Zahorik,
2003). Moreover, reducing class size and using appropriate assessment tools
affected students’ outcomes positively and improved quality of education
(Gibbs & Lucas, 1996; Graue & Ruscher, 2007). Small classes increase
interaction between students and their instructors which enables instructors
to have a better understanding of their students’ strengths and weaknesses
(Biddle & Berliner, 2002), and motivates students to attend classes and
increase their in-class participation which results in improving their
achievement (Bracey, 1995). Instructors in big classes are often engaged in
the struggle to maintain discipline in class. This often leads to a reduction
in teacher-learner contact for supervision and identification of learning
difficulties in the learner (Molnar, et al. 1999).

National Council of Instructors of English (NCIE, 1997) pointed out that
effective methods of teaching and assessment tools for small classes might
be inefficient for larger classes. Most classes for freshmen are big due to the
rising of education cost (Chapman & Ludlow, 2010). This leads to students
being staked in small number of sections and classes, and thus limits the
ability of instructors in having good communication with their students
and in designing and using appropriate assessment tools. In addition, the
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absence rate in big classes increases, obviously, after the first exam which
threatens the consistency of students’ performance and, consequently, the
consistency of their grades (Honathan & Spence, 2010). This inconsistency
leads to invalid interpretations of grades, and thus invalid decisions made
upon these grades (Frisbie, 1988). Such inconsistencies and consistencies
in students’ performance are usually quantified through the estimation of a
reliability coefficient of their grades (Feldt & Brennan, 1989).

Estimates of Reliability:

Reliability is one of the important psychometric properties of a test; it
refers to the consistency of measurements (Traub, 1994). In other words,
reliability is an indication of the accuracy of measurements which is better
conceived in statistical terms through a statistical framework (Haertel,
2006). One of these notable frameworks is classical test theory, in which
the observed score of an examinee on a given test form is the sum of a true
score component and an error component (Haertel, 2006). In the estimation
of internal consistency reliability, the total test (or the total score) must be
decomposed into k separately parts. If X is the observed score for the total
test, and X ... Xk are the part-test scores, then X =X, + X + ... X, (Feldt
& Brenan, 1989).

Three different models in part tests are distinguished in order to better
understand various approaches to the estimation of reliability. These are
called classically parallel, tau-equivalent parallel, and congenrically
parallel (Feldt & Brennan, 1989). These models differ in the distributions
of observed scores, true scores, and error scores on the parts of the test.
Classically parallel parts assume that true-score variances and error
score variances for the parts are equal. One of the well-known formulas
of reliability that assumes classical parallel parts is the Spearman-Brown
formula (Haertel, 2006). If the parts of a test can be assumed to meet the
weaker assumptions of essentially tau-equivalence, part tests may exhibit
differences in mean and differences in error score variances. Coefficient
alpha and Kuder-Richardson formula 20 are based on the assumption that
part tests are essentially tau-equivalent.

It should be noted that both the classical parallel model and the
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essentially tau-equivalent model require the part tests to be equal in their
functional length in order for true score variances to be assumed equal
(Feldt & Brennan, 1989). For tests containing multiple item formats, or tests
employing a single item type but but the weight of some items more heavily
than others because of their importance, the separately scored parts may
well vary in their functional length. Thus, part tests in these instances are
unlikely to fit the essentially tau-equivalent model or the classically parallel
model; It can only be modeled through the adoption of the congeneric
model (Qualls, 1995).

For the congeneric model, true-score variances and error-variances may
differ for each part. There is no unique solution for estimating reliability in
this case. When the relative lengths of the subparts assumed to be known,
Raju (1977) proposed the following formula,

2

1 207 x;

Py = (1= )
REXE 1emas o2 ()

Where 4, is the relative length of narf fest i or the proportion of total test
length for part testi, > 4; =1, and 0'2 x; 18 the variance of each part test,
and o is the composite score variance.

X

Composite Scores:

A composite score is any linear combination of two or more component
scores, with fixed weights. The weights might be positive or negative and
might be greater than, equal to, or less than 1.0, depending on the nature
of the composite score (Feldt & Brennan, 1989). If XP1, XP2, ...., XPk
represent k component scores with weights wl, w2, ...wk, a composite
score for a person , Zp, may be represented as
Zp=w,+ w Xp, + W, Xp, + ..... + W, Xp,, 2

where w0 is an additive constant that may appear.

Course grades are examples of composite scores in the sense that they are
an algebraic sum of two or more weighted scores: first exam scores, second
exam scores, final exams scores, and scores assigned for assignments and
attendance in some cases (Feldt, 2004). These parts can be considered
congeneric because there is no guarantee that true score variances and
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error score variances are equal since they will have different weights (Feldt
& Brennan, 1989). In addition, the components of course grades result from
using different tests administered under different conditions. Moreover, all
of the previously discussed reliability estimates are considered as examples
of composite scores subject to the constraint that all score components are
at least congeneric (Heartel, 2006). As a result, Raju formula in equation (1)
can be used in estimating reliability for composite course grades.

Some studies investigated the reliability of course grades and the effect
of college type and level of study on reliability estimates. Sawalmeh (1995)
found that 56% of courses at Yarmouk University had reliability estimates
greater than 0.70, and course grades for colleges of economics and art
tended to be more reliable than course grades for colleges of science and
educational sciences. Alshayeb (2007) estimated the reliability of grades
of 64 courses at Al-albayt University using Raju coefficient. It was found
that, in general, reliability estimates were low; only 31.25% of courses had
acceptable reliability estimates.

In addition, some studies (Bligh, 1988; Noble, 1991) pointed out that
college grades have low reliability. This results from fact that instructors
differ on how they assign grades. Some instructors are permissive, and
some are stringent. These differences are due mainly to the difference in
instructors’ points of view and to their educational philosophy.

Class size reduction is a debated issue in education (Fisher et. al., 2001).
Many studies investigated the relationship between class size and other
variables such as students’ achievement, students’ attendance, and teaching
methods used by instructors. However, this study is not mainly concerned
with this debate in the sense that it is not a study about the relationship
among these factors. The main concern of this study is the direct effect
of class size on the consistency of course grades. And since reliability of
grades reflects the degree of accuracy in measuring students’ achievement,
all factors that affect accuracy of measuring achievement are expected to
affect grades reliability. One of these factors is class size. Therefore, the
main focus of this study will be on estimating reliability for grades on
different college courses and trying to relate the discrepancies in these
estimates to the varying conditions of class size.
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Statement of the problem:

Reliability is an important property of grades and it is an indication of
the accuracy of measurements. Since reliability of grades reflects the degree
of accuracy in measuring students’ achievement, all factors that affect the
accuracy of measuring achievement are expected to affect grades reliability.
One of these factors is the inconsistencies on the part of those who evaluate
examinee performance, i.e. the instructors (Feldt & Brennan, 1989).

Due to the rapid expansion in higher education across the world, student
numbers have grown considerably in many courses, especially at the
undergraduate level. The existence of large class sizes limits the ability
of instructors in having good communication with their students, and in
designing and using appropriate assessment tools which may threaten
the consistency of students’ grades. This inconsistency leads to invalid
interpretations of grades, and thus invalid decisions made upon these
grades (Frisbie, 1988).

Therefore, the main focus of this study will be on estimating reliability
for grades on different college courses and trying to relate the discrepancies
in these estimates to the varying conditions of class size. More specifically,
this study aims at answering the following two questions:

1) What are the reliability estimates of college-students course grades?
2) What is the effect of class size on the reliability estimates of college-
students course grades?

Significance of the study:

The significance of this study stems from the fact that based on the
authors best knowledge, it is the first study to deal with the effect of class
size on reliability estimates of composite scores. It is hoped that this study
provides university administrators with information about the effect of
class size on the reliability of students’ grades, and thus on the nature of
decisions that instructors take regarding students’ successes and failures
based on their grades. This is specially at this time when all universities
are trying to adhere to the high standards of accreditation by reducing the
number of students in classes to have small student-to-faculty ratios, which
is one of the important facets in quality assurance.
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Moreover, the importance of this study is built upon the importance of
college grades for students. These scores form the basis for almost all
decisions that are to be made about students. For example, accepting
students in any program, or in any scholarship, or in any higher academic
degree depends heavily on their grade point average or, in other words, on
their grades in all courses.

Study Method:
Data:

The data for this study came from course grades for 63 classes, representing
3-credit-hour courses, chosen at random from among undergraduate
classes at Jadara University in Jordan in the second semester 2011/2012. All
classes were selected from five colleges (Science, Law, Arts, Economics,
and Education) such that 12 classes were selected at random within each
college, with the exception of the College of Economics where 15 classes
were selected . Each class with less than 20 students was considered as
small class, with more than 20 and less than 40 students was considered
as medium class, and with more than 40 students was considered as big
class (Bracey, 1995; Haris, 2007). The sample of this study was distributed
evenly into three sizes: 21 small classes, 21 medium classes, and 21 big
classes.

Analysis:

Raju coefficient, equation 1, was used in estimating reliability of
course grades for all classes together and for different class sizes. At the
undergraduate level, relative lengths are fixed: 20% for the first exam,
20% for the second exam, 10% for students’ participation and attendance,
and 50% for the final exam. Thus,l /11 =0.2G, /'12 =0.20, /'13 =0.10,and
A 4= 0.50. Then, for all classes,@ = 1.515 , The variance of each part
test and the variance of the composite score were computed. In addition,
descriptive statistics of Raju coefficients that were reported for all classes
together and for different class sizes were also computed using SPSS 17.

Reliability estimates were classified into three categories: high, medium,
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and low. No absolute standards are available to say whether a reliability
estimate is high enough (Frisbie, 1988). If scores are to be used for individual
assessment, reliability estimates more than 0.70 are considered to be high
(Feldt & Brennan, 1989). However, reliabilities around 0.50 are considered to
be acceptable for instructor made tests if scores will be combined with other
information (such as: quiz scores, observations, etc.) to assign a grade for
the course (Frisbie, 1988). Frary (2011) suggested a four-level classification
of reliability coefficients. Reliabilities more than 0.90 are considered to be
high, 0.80-0.89 are labeled as good, 0.60-0.79 as low to moderate, and 0.40-
0.59 as doubtful. In the present study, reliability estimates were classified
into three categories to be consistent with the classification of class size and
to be consistent with the classifications of reliability estimates presented by
Frisbie (1988) and Feldt and Brennan (1989). Based on these suggestions,
reliability estimates equal to or higher than 0.70 were labeled as high,
between 0.40 and less than 0.70 were labeled as medium, and less than 0.40
were labeled as low. In addition, reliability estimates less than 0.70 were
labeled as unacceptable.

Results:

The purpose of this study was two-fold. To examine the reliability
estimates of students’ grades at the college level, and to investigate the
relationship between class size and reliability estimates of students’ grades.
To achieve this purpose, Raju coefficient was used to estimate reliability of
students’ grades in 63 classes taken at random from among the classes at one
of the universities in Jordan, Jadara University. For the resulted reliability
estimates, descriptive statistics were computed for all classes and for each
class size and displayed in Tables 1 and 2.

Table 1 shows descriptive statistics for reliability estimates of all classes
taken together. The distribution of these estimates was negatively skewed
with mean 0.55 and variance 0.08. The maximum value of reliability
estimates was 0.99 and the minimum value was -0.13. Twenty two out of 63
classes (35%) were classified as having high reliability estimates, twenty five
classes (40%) as having medium reliability estimates, and sixteen classes
(25%) as having low reliability estimates. As a total, forty one classes (65%)
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were classified as having unacceptable reliability estimate.

Table 1
Descriptive statistics of reliability estimates of all classes (63 classes)
Statistic Value
Mean 0.55
Variance 0.08
Skewness -0.69
Maximum 0.99
Minimum -0.13
Range 1.12
Number of classes with high reliability estimates 22
Number of classes with medium reliability estimates 25
Number of classes with low reliability estimates 16
Number of classes with unacceptable estimates of reliability 41

At the class size level, Table 2 shows that the average reliability estimates
was 0.68 for small classes, 0.51 for medium classes, and 0.41 for big classes.
Reliability estimates ranged from 0.22 to 0.94 in small classes, from - 0.12 to
0.90 in medium classes, and from - 0.13 to 0.73 in big classes. The variance
of reliability estimates for each class size indicated that these estimates
were more homogenous for small classes as compared to medium or big
classes. This is also evident when comparing the number of classes with
high reliability estimates for different sizes.

Moreover, it can be seen from Table 2 that the number of classes with
unacceptable reliabilities increased as class size increased. Nineteen big
classes (91%) had unacceptable reliabilities as compared to 13 (62%) medium
classes and 9 (43%) small classes.

Table 2
Descriptive statistics of reliability estimates according to class size
Statistic ClillSS.Slze .
Small | Medium Big
Mean 0.69 051 0.45
i 0.05 0.11
Variance 0.06
-0.89 -0.57
Skewness 0.88
i 0.99 0.90
Maximum 0.73
ini 0.22 -0.12
Minimum 097 Lo 0.13
Range . . 0.86

wn
wn
-

Volume 15 Number 3 September 2014



7
wn

Volume 15 Number 3 September 2014

The Effect of Class Size on Reliability

Dr. Hassan AL-Omari, Dr. Mutasem Akour

Table 2 Countied
Class size
Statistic
18t Small | Medium | Big
Number of classes with unacceptable reliability 9 13 19
estimates

Figure 1 shows that more small classes had high reliabilities as compared
to medium and big classes. In addition, Figure 1 and Table 2 show that

12 small classes had high reliability estimates as compared to 8 medium

classes and 2 big classes. The relationship is reversed when comparing the

number of classes that had low reliability estimates.

09 4
0.8 -
0.7 -
0.6 -
0.5 4
04 -
0.3 4
0.2
0.1 -

——Dhig
= medium
s 12|

Reliability estimates

0.2 -
class

Figure 1

Reliability estimates for different classes at each size level

01 14 3456 7 8 910 12 13 14 15 16 17 18 19 20 21

In order to examine the relationship between class size (small, medium,
and big) and estimates of courses-grades reliability (low, medium, and

high), the number of classes for each class size was computed for the three
levels of reliability estimates. Table 3 shows number of classes in each cell
that resulted from the crossing of the two factors: class size and estimates

of reliability.
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Table 3
Number of classes for each condition of class
size and reliability estimates

Reliability estimates Class size
Small Medium Big
High 12 8 2
Medium 6 7 12
low 3 6 7

Table 3 shows that the number of classes with high estimates of reliability
increased as class size decreased. Out of 21 small classes, 12 (57%) classes
exhibited high reliability estimates. However, this percentage declined to
38% (8 classes) for medium classes and to 10% (2 classes) for big classes.
On the other hand, the number of classes with medium and low estimates of
reliability increased as class size increased. Out of 21 classes, 3(14%) small
classes had low reliabilities as compared to 7 (33%) big classes.

In order to test the significance of the relationship between class size and
reliability estimates, Chi-square test of independence or relatedness was
conducted on the cells in Table 3. The observed test value was (20 = 11.01,
df = 4, p-value = 0.026) which was significant at the 0.05 level. Since chi-
square test reveals the significance of the relationship and does not show
the strength and magnitude of the relationship, the contingency coefficient
was computed for the data. The strength of the relationship using the
contingency coefficient was 0.38 with p-value= 0.02 which was significant
at the 0.05 level.

Discussion and conclusions:

The results of this study showed that, generally speaking, reliability
estimates of university grades were low. This agrees with previous studies
(Bligh, 1988; Noble 1991); the average reliability estimates was 0.55
for all classes with a variance of 0.08, which indicates the clustering of
reliability estimates around the mean value. This may be due to the fact
that most instructors do not have enough knowledge and training on
applying appropriate tools of assessment and on building and conducting
achievement tests with good psychometric properties. Therefore, it is
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necessary to provide instructors with sufficient training on those issues in
order to be more consistent in assigning grades to students. Increasing the
reliability of course grades will build more trust in the decisions that are to
be made upon these grades.

Reliability estimates ranged from, surprisingly, — 0.13 in big classes
to 0.94 in small classes. The presence of such extreme estimates was
reflected in the value of the range, a value of 1.07. Negative estimates occur
when there are negative covariances between part tests that constitute the
composite score. One possible reason for this discrepancy is that classes
in this study were sampled from different colleges at the university; this
agrees with the findings of Alsawalmeh (1995). Another possible reason
that explains this discrepancy is class size; the results of this study revealed
that negative reliability estimates existed in medium and big classes, with
more variability in reliability estimates as compared to small classes.

Furthermore, the results of this study showed that 35% of all classes had
acceptable and high reliability estimates, which represents only one third
of the entire group of classes. On the other hand, 25% of classes had low
reliabilities. This result is worthy of noting because what we are saying
here is that about a quarter of all courses were not measuring students
performance accurately and all future decisions and interpretations based
on these measurements are questionable.

These findings are supported by results at the class size level. Small
classes had relatively high estimates of reliability as compared to medium
and big classes. Average reliability estimates was 0.68 for small classes,
0.51 for medium classes, and 0.41 for big classes. In addition, the percentage
of courses with unacceptable estimates of reliability increased from 9 for
small classes to 19 for big classes. This relationship between class size
and reliability estimates showed to be significant, which indicates that
measurements in big classes are more error prone. Thus, it would be more
difficult for instructors to defend their decisions about students’ successes
and failures. These findings agree in part with the findings reported by
other researchers (Achilles, 2003; Finn, 2002; Finn et al., 2001; Graue
et al., 2005; Gibbs & Lucas, 1996; Smith et al., 2003) in that students’
achievement and communication with instructors are better in small classes.
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It is highly recommended that university administrators take class size into
consideration as an important factor that affects the quality of education.
Students have the right to have good teaching, the opportunity to interact
with the instructor and with other students, and grades that truly reflect
their competences.

One of the limitations of this study is that classes were sampled from
one university in Jordan, Jadara University. The results may not be
generalizable to other universities with different assessment systems and
with instructors having different teaching abilities as compared to those
at Jadara University. Therefore, it is recommended to conduct more
research using representative sample that includes more and differentiable
universities. It is also recommended to sample classes with different sizes
for the same instructor and, then, investigate the relationship between class
size and reliability when instructors were held as constant. This might have
a better insight into the effect of class size on reliability.

Reliability is a necessary ingredient of validity, but it is not sufficient to
insure validity (Frisbie, 1988, ppl00-101). Therefore, it is recommended
to investigate the effect of class size and other factors related to students
learning (teaching methods, student motivation, etc.) on the validity of
course grades. Finally, decision makers at universities should pay more
attention to class size in the sense that larger class sizes pose significant
teaching challenges, not least in the assessment of student learning. The
increase in class size poses certain constraints on designing manageable
and yet effective forms of assessment that possess an acceptable indices of
reliability and validity. It is recommended to train instructors on all issues
that relate to the accuracy of measuring students’ outcomes. This will help
in decreasing errors in assigning grades to students, and thus increasing the
reliability of these grades, which in turn will enhance the validity of the
meaning of these scores.
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