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Abstract: The aim of the study was to evaluate the differences between the grades of the students who have 

taken the statistics course and mid-term, final, make-up examination during 2018-2019 academic year in 

Faculties of Agriculture, Health Sciences and Veterinary Science of Bingol University in Turkey using repeated 

measurements variance analysis. 

According to the results of the study, Faculty of Veterinary Science students were found to be more 

successful in mid-term examination and Faculty of Health Sciences students were found to be more successful 

on make-up examination. Linear and quadratic trends were observed in grades. As a result of the parallelism 

test, the profiles presented according to Pillai's Trace, Wilks' Lambda, Hotelling's Trace, and Roy's Largest Root 

were not found to be parallel. 
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Introduction 
Some studies conducted in the field of education are planned to research whether there are any 

significant differences in terms of any variables between the measurements of individuals in various time and 

circumstances. For example, the effects of pilot tests applied to students at different times on success could be 

examined. Moreover whether there is any difference between the grades of the first, second, third, and fourth 

pilots tests could be examined. In other words, more than one measurement can be performed on the same 

subject (individual) in this type of studies. 

In studies where many measurements are performed on the same subject, every individual becomes the 

control for himself/herself. In terms of experiment design, the logic of such experiments is to minimize the 

errors to be experienced due to individual differences (Winer, 1971).     

In repeated measurements, variance analysis is used to examine whether there are any differences 

between measurement groups where more than two measurements (prior to implementation, after 1 month, 2 

months... Etc.) are performed on individuals of a group.  

As in other fields, there are also studies carried out using repeated measurements ANOVA method in 

the education field. The effects of Educational Software (DENIS) and game applications on success test 

(Kocaman and Cumaoglu, 2014), the effects of grades obtained from submissive behaviors scale and brief 

symptom inventory on student success (Anli and Sar, 2017) are some examples to these studies. Other examples 

are the effects of the blended learning environment on the academic success of a student (Ozerbas and Benli, 

2015), student remarks on the measurement of Science of Technology course achievements with different 

approaches (Cetin and Cakan, 2010). 

The aim of the study was to examine the change of the statistics grades of students studying in 

Faculties of Agriculture, Health Sciences and Veterinary Science according to examination times and the 

departments using repeated measurement variance analysis. 

 

Material and Method 
The material of the study includes the grades of the students who have taken the statistics course and 

mid-term, final, make-up examination during 2018-2019 academic year in Faculties of Agriculture, Health 

Sciences and Veterinary Science of Bingol University in Turkey. Mid-term, final, make-up grades of the 

students in these faculties are recorded on the student information system by the academicians providing 

courses. As 3 different grades of every student who has taken the mid-term, final, make-up examination in 3 

different times are examined, repeated measurements of dependent groups are considered. In other words, data 

on 3 measurements are obtained from every student taking the exams. The number of students who have taken 

mid-term, final, make-up examinations in Faculties of Agriculture, Health Sciences and Veterinary Science are 

respectively 19, 16, and 33 and 68 in total. As the same individual has taken 3 different examinations, 

multivariate variance analysis is used for repeated measurements. For this reason, Repeated ANOVA method is 

implemented. 
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Repeated-measures is a term used when the same participants participate in all conditions of an 

experiment.Sphericity refers to the equality of variances of the differences between treatment levels. SPSS 

produces a test known as Mauchly’s test, which tests the hypothesis that the variances of the differences 

between conditions are equal. If, however, Mauchly’s test statistic is non-significant (p >0.05) then it is 

reasonable to conclude that the variances of differences are not significantly different(Field, 2009). Multivariate 

tests are composed of Pillai's Trace, Wilks' Lambda, Hotelling's Trace and Roy's Largest Root tests.  

Error terms (
ijk

ε ) have a normal distribution that are independent of each other, with zero means and ∑ 

covariance matrix (Jeremy, 1974). ix : is the mean vector of i.group, x : is the general mean vector, 𝑛𝑖 : is the 

number of observations in i. group, Si: is the variance-covariance vector in i. group 

 

𝐵 =  𝑛𝑖 𝑥 𝑖 − 𝑥  𝑘
𝑖=1  𝑥 𝑖 − 𝑥  ′  

      

𝑊 =   𝑛𝑖 − 1 𝑆𝑖
𝑘
𝑖=1          

Eigenvalues of the 
1BW 

matrix are i .  

The largest root test statistics of Roy is the highest 
i value. 

The modification of the Roy’s test statistic is as given below. The Roy’s greatest characteristic roots 

(Manly, 2005; Roy, 1957) test statistic is given by 

 

𝜃𝑚𝑎𝑥 =
𝜆𝑚𝑎𝑥

1 + 𝜆𝑚𝑎𝑥

 

 

Pillai's Trace statistics(Manly, 2001) is given by 

 

 

𝑇 =  
𝜆𝑖

(1 + 𝜆𝑖)

𝑛

𝑖=1

 

 

The Wilks statistic is a measure of the differences between groups of the centroid (vector) of means on the 

independent variables (Stevens, 1980). The test statistic in below can be expressed as  

 

Λ =  (1 + 𝜆𝑖)
−1

𝑛

𝑖=1

 

 

and using binomial theorem and Taylor series expansion (Dani, 2012) on below, it becomes; 

  

Λ =   1 − 𝜆𝑖 + 𝜆𝑖
2 − 𝜆𝑖

3 + 𝜆𝑖
4 − 𝜆𝑖

5 + ⋯ 

𝑛

𝑖=1

 

       

Lawley-Hotelling trace test 

 

𝑇0
2 =  𝜆𝑖

𝑠

𝑖=1

 

 

Results and Discussion 
Grade averages and standard deviation details of the students in Faculties of Agriculture, Health 

Sciences and Veterinary Science are given in Table 1. 

 

Table 1. Descriptive statistics 

 Exam  Department  𝑋  s N 

Midterm  
Agriculture 48.26 20.99 19 

Health Sciences 72.50 14.56 16 



International Journal of Latest Engineering and Management Research (IJLEMR) 

ISSN: 2455-4847  

www.ijlemr.com || Volume 05 - Issue 06 || June 2020 || PP. 30-35 

www.ijlemr.com                                                        32 | Page 

Veterinary 75.36 7.54 33 

General 67.12 18.28 68 

Final 

Agriculture 28.63 20.20 19 

Health Sciences 23.75 15.36 16 

Veterinary 6.76 10.68 33 

General 16.87 17.83 68 

Make-up exam 

Agriculture 40.00 23.05 19 

Health Sciences 55.44 22.91 16 

Veterinary 23.88 11.33 33 

General 35.81 22.11 68 

s: Standard Deviation, 𝑋 : Mean 

 
Results of significance control of differences between the examination levels in terms of grades are 

presented in Table 2. As a result of Pillai's Trace, Wilks' Lambda, Hotelling's Trace, and Roy's Largest Root 

tests, the difference between grade averages of examination levels are observed to be significant (P<0.01). 

𝜂2 = 1 − Λ = 1 − 0.167 = 0.833 

 
This result is explained as the profiles over the groups of 1 − Λ of the total variance in combined total 

range will not be flat (Tabachnick and Fidell, 2013). 83.3% of the total variance in combined total range in this 

study is explained as the profiles on the groups will not be flat. 

 
Table 2. Results of flatness test (between examination levels) 

Effect Value F Hypothesis df Error df p Partial Eta 

Squared 

Exam 

Pillai's Trace 0.833 159.617 2 64 0.001 0.833 

Wilks' Lambda 0.167 159.617 2 64 0.001 0.833 

Hotelling's Trace 4.988 159.617 2 64 0.001 0.833 

Roy's Largest Root 4.988 159.617 2 64 0.001 0.833 

df: Degrees freedom 

 
Whether different groups have different profiles is tested with the parallelism test. In repeated ANOVA 

method, the parallelism of the groups is examined primarily. In variance analysis with repeated measurements, 

exam x department interaction is the parallelism test in Repeated ANOVA. Parallelism test tests whether the 

difference between the exams in terms of grades changes according to the department. 

Analysis results for parallelism of the profiles in terms of grades is given in Table 3. When the 

probability values of statistics used to test parallelism of profiles hypothesis of the grades are examined, it is 

observed that the profiles presented in terms of grades are not parallel according to Pillai's Trace, Wilks' 

Lambda, Hotelling's Trace and Roy's Largest Root. In other words, it is seen that the differences between the 

repeated measurements differ significantly according to the departments (p<0.001). Briefly, grades from the 

results of the same tests were found to be significantly different in terms of Exam x Department interaction 

(p<0.001). By calculating the effect portion of interaction between the grades and the department using partial 

eta squared, 

 

𝑝𝑎𝑟𝑡𝑖𝑎𝑙 𝜂2 = 1 − Λ1/2 = 1 − 0.3771/2 = 0.386 

 
38.6% of the variance of the combined ranges is explained with the difference between the shapes of 3 different 

faculties. Profiles have different trends as they are not parallel to one another. 
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Table 3. Parallelism test 

Effect Value F Hypothesis df Error df p Partial Eta 

Squared 

Exam * 

Department 

Pillai's Trace 0.727 18.558 4 130 0.001 0.363 

Wilks' Lambda 0.377 20.105 4 128 0.001 0.386 

Hotelling's Trace 1.375 21.662 4 126 0.001 0.407 

Roy's Largest Root 1.131 36.772 2 65 0.001 0.531 

 
Mauchly’s Test of Sphericity is applied for the test of sphericity, one of the assumptions required for repeated 

ANOVA method (Table 4). 

 
Tablo4. Mauchly's Test of Sphericity 

Within Subjects Effect Mauchly's W Approx. Chi-

Square 

df p Epsilon 

Greenhous

e-Geisser 

Huynh-Feldt Lower-bound 

Exam  0.876 8.469 2 0.014 0.890 0.941 0.500 

 
According to test of sphericity, sphericity condition was not metas per𝐴𝑝𝑝𝑟𝑜𝑥. 𝜒2 = 8.469and p<0.05. 

Therefore, Greenhouse-Geisser and Huynh-Feldt statistics are used (Table 5). As p obtained from F value is less 

than 0.001 in these statistics, there are significant differences between the success of students in 3 exams. 

Among the multiple comparison tests, the Tukey test was used to examine whether there are any differences 

between the grades of students in different faculties (Table 6). 

 
Table 5. Tests of Within-Subjects Effects 

Source 
Sum of 

Squares 
df 

Mean 

Square 
F p 

Partial 

Eta 

Squared 

Exam  

Sphericity Assumed 64832.699 2 32416.349 178.52 0.001 0.733 

Greenhouse-Geisser 64832.699 1.779 36434.042 178.52 0.001 0.733 

Huynh-Feldt 64832.699 1.882 34442.52 178.52 0.001 0.733 

Lower-bound 64832.699 1 64832.699 178.52 0.001 0.733 

Exam * 

department  

Sphericity Assumed 19845.831 4 4961.458 27.323 0.001 0.457 

Greenhouse-Geisser 19845.831 3.559 5576.382 27.323 0.001 0.457 

Huynh-Feldt 19845.831 3.765 5271.572 27.323 0.001 0.457 

Lower-bound 19845.831 2 9922.915 27.323 0.001 0.457 

Error(exam) 

Sphericity Assumed 23605.846 130 181.583       

Greenhouse-Geisser 23605.846 115.665 204.089       

Huynh-Feldt 23605.846 122.352 192.933       

Lower-bound 23605.846 65 363.167       
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Table 6. Tukey test 

(I) department (J) department 
Mean Difference 

(I-J) 
Std. Error p 

Agriculture  
Health  -11.598

*
 3.873 0.011 

Veterinary  3.632 3.287 0.515 

Health  Veterinary  15.229
*
 3.477 0.001 

 
As seen in Table 6, there is a significant difference between the success of students in Faculties of 

Agriculture, Health Sciences and Veterinary Science (p<0.05 and p<0.01).  Trend analysis summary of the 

exam and department is given in Table 7. There is a linear and quadratic trend. Linear and quadratic effects in 

the exam and exam-department interaction are considered important (p<0.001). 

 

Table 7. Trend analysis test of the exam and exam-department interaction 

Source Trend  Sum of 

Squares 

df Mean Square F p Partial Eta 

Squared 

Exam  
Linear 20283.528 1 20283.528 93.929 0.001 0.591 

Quadratic 44549.171 1 44549.171 302.599 0.001 0.823 

Exam * 

Department  

Linear 13385.825 2 6692.913 30.994 0.001 0.488 

Quadratic 6460.005 2 3230.003 21.940 0.001 0.403 

Error(exam) 
Linear 14036.432 65 215.945    

Quadratic 9569.414 65 147.222    

 
In the study of Kocaman and Cumaoglu (2014), partial 𝜂2 values were 0.717 and 0.724 and were very 

close to the result of this study. Ciftci et al. (2006), analyzed bean plant in terms of repeated randomized blocks 

experimental design by determining root lengths, shoot lengths, number of leaves, root and above the soil oven 

dry weights and under/over the soil dry weight rates after 15, 22, and 29 days following the sprout. In terms of 

characters examined by time, significant differences are observed among different types. Since the sphericity 

assumption was not met in the study of Anli and Sar (2017), variance analysis results were obtained using 

Greenhouse-Geisser and Huynh-Feldtcorrections. From this point of view, the study is similar to the present 

study in terms of method. Oner and Alpar (1990) applied three different pharmaceutical dosage forms consisting 

of the same active ingredient to 8 volunteers and performed repeated measurements variance analysis. As in this 

study, authors determined the difference in terms of three different dosage forms using the Tukey test. 

 
Conclusion 

In this study, the difference between the grades averages related to examination levels was found to be 

significant according to the flatness test in variance analysis of repeated observations of the success of students 

in the exams. According to the parallelism test, the profiles presented in terms of grades as a result of Pillai's 

Trace, Wilks' Lambda, Hotelling's Trace, and Roy's Largest Root were not found parallel. In other words, it has 

been understood that the difference between the repeated measurements differs significantly with respect to the 

faculties. It is believed that using this method would be beneficial for further studies to be performed on 

dependent observations in many fields as well as education field. 
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