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ABSTRACT 

 

Evaluation is essential to significant judge students' performance of senior projects. The study aims to 

compare the differences between student self-evaluation and professionals’ assessments by the analysis 

of variance. The data come from California State Polytechnic University, Pomona's senior project student 

and advisor survey data collection, which range from 2013 to 2019. To illustrate the possible outcomes, 

Analysis of Variance (ANOVA) model was used in this study. Based on the F value calculated by ANOVA 

model, this study examined the significance between student self-evaluation and advisor assessment. 
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INTRODUCTION 

 

In today's rapidly developing society, graduation design is a way to test students' comprehensive 

application skills after experiencing college curriculum education. As a measure of the performance of 

this project, student self-evaluation and professor evaluation are very important. Student self-evaluation 

is a form of self-awareness, which is the judgment and evaluation of the subject's own thoughts, wishes, 

behaviors, and personality. Professors evaluate students in a more objective way. Therefore, by comparing 

the differences between the two can promote the development of students, and not only check the 

performance of students, but also reflect the quality of teaching.  

 

Self-evaluation is an effective way for college students to construct life value orientation, experience life 

meaning, and make target choices. It is the "wake-up" and "activation" of self-states by the individual 

goals of college students. The standard constitutes a reference system for self-evaluation. The standard is 

transformed into self-standard, which is the main purpose of self-evaluation. Constructing a multi-level, 

hierarchical self-evaluation open system has a directional significance for promoting the development of 

college students. 

 

Analysis of variance (ANOVA), also known as "variance analysis" or "F test", was invented by R.A. Fister 

for the significance test of the difference in the mean of two or more samples [1]. The basic idea of analysis 

of variance is to analyze the contribution of variation from different sources to the total variation and to 

determine the influence of controllable factors on the research results. In this article, Senior Exit Survey 

data and Senior Project Assessment data will be provided in order to be analyzed compare the differences 

between students’ self-evaluation and evaluations from professors.  

 

DATA DESCRIPTION 
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In this project, both Senior Exit Survey data and Senior Project Assessment data are used in analyzing and 

expounding viewpoints. Senior Exit Survey data were collected by the civil engineering department from 

students about to obtain their diploma [2], and Senior Project Assessment data are each group of students’ 

competency evaluation scored by advisors after students finished their senior project. The student survey 

includes comprehensive questions such as student names, status upon admission, self-assessment of 

student outcomes, and so on. Table 1 below shows eleven questions selected from this survey data because 

they can represent students' learning achievements. Senior Project Assessment consists of different 

question about student ability assessments. Likewise, eleven questions matching the student survey were 

chosen from the assessment and are identified in Table 2.  

 

Detailed description, above 22 questions define the level of competence that engineering graduates should 

possess under various conditions. From 2013 to 2019, there are 662 individuals completed the student 

survey data. As for assessment, a total of 424 advisors evaluated groups of students over seven years, 2013 

to 2019. The preliminary investigation of this study is to match the capability evaluation questions from 

two survey and find out the significant impact between them. In order to make two surveys comparable, 

we adjusted the answers for them both. For combined outcomes, each result has four possible answers: 

good (3), moderate (2), poor (1), and not applicable (0). Adjusted data and count of responses would be 

displayed in table 3. Besides, Group S represented the outcomes from Senior Exit Survey, and group T 

represented the responses from the Senior Project Assessment. 

 

TABLE 1. Questions Selected from the Senior Exit Survey 

 
Question ID Description of Student Learning Outcomes 

a Ability to apply knowledge of mathematics, science, and engineering.  

b Ability to design and conduct civil engineering experiments, as well as to analyze and 

interpret data.  

c Ability to design a system, component, or process to meet desired needs within realistic 

constraints such as economic, environmental, social, political, ethical, health and safety, 

manufacturability, and sustainability.  

d Ability to function on multidisciplinary teams.  

e Ability to identify, formulate, and solve engineering problems.  

f Understanding of professional and ethical responsibility.  

g Ability to communicate effectively.  

h Understanding of the impact of engineering solutions in a global, economic, environmental, 

and societal context.  
i Recognition of the need for, and an ability to engage in life-long learning. 

j Knowledge of contemporary issues and their importance to engineering systems. 

k Ability to use the techniques, skills, and modern engineering tools necessary for engineering 

practice.  

 

TABLE 2. Questions Selected from the Senior Project Assessment 

 
Question ID Description of Student Learning Outcomes 

1(a) Ability to apply knowledge. 

2(k) Use of engineering techniques and tools. 



3(e) Ability to gather data and solve engineering problems. 

4(c) Ability to design a system. 

5(h) Understanding of outside constraints & contemporary. 

6(g) Quality of visual presentation. 

7(g) Quality of oral communication. 

8(d) Ability to function on an interdisciplinary team. 

9(c) Level of design experience. 

10(i) Ability to recognize the need for and be able to pursue lifelong learning. 

11(j) Awareness and understanding of contemporary issues and their interactions. 

 

TABLE 3. Descriptive Statistics of Adjusted Evaluation Outcomes 

 

Question 

ID 

Count of Responses 

Good 

(3) 

Moderate 

(2) 

Poor 

(1) 

N/A 

(0) 

Rating 

Average* 

Groups 

(S/T) 

Total 

Response Count 

1(a) 247 175 1 1 2.58  T 424 

(a) 290 370 2 0 2.44  S 662 

2(k) 269 150 0 5 2.64  T 424 

(k) 247 411 1 3 2.37  S 662 

3(e) 229 190 3 2 2.54  T 424 

(e) 265 395 2 0 2.40  S 662 

4(c) 214 200 2 8 2.51  T 424 

(c) 175 484 2 1 2.26  S 662 

5(h) 213 200 0 11 2.52  T 424 

(h) 285 370 2 5 2.43  S 662 

6(g) 279 141 0 4 2.66  T 424 

(g) 312 346 1 3 2.47  S 662 

7(g) 254 165 0 5 2.61  T 424 

(g) 312 346 1 3 2.47  S 662 

8(d) 268 143 1 12 2.65  T 424 

(d) 342 318 1 1 2.52  S 662 

9(c) 170 236 2 16 2.41  T 424 

(c) 175 484 2 1 2.26  S 662 

10(i) 126 68 1 20 2.64  T 215 

(i) 377 279 2 4 2.57  S 662 

11(j) 139 63 0 13 2.69  T 215 

(j) 235 418 4 5 2.35  S 662 

 

METHODOLOGY 

 

The intention of this paper is to study the association between the advisor’s assessment to students and 

their self-evaluation. In order to accomplish this goal, Analysis of Variance (ANOVA) was adopted in 



this project due to its influential ability to examine significant variances. As a common statistical model 

in data analysis, ANOVA is mainly to explore the relationship between continuous data type dependent 

variable and the independent variable of categorical data type [3]. In our data sets, students’ self-evaluation 

(S) and advisor’s assessment (T) were respectively classified into two groups, which can be determined 

as the independent variable. And the scoring outcome, ranging from (3) to (1), is the dependent variable 

in this model. 

 

To test the significance between the two groups, we established a hypothesis (H0) that the advisor’s 

assessment (T) will have no significant effect on students’ self-evaluation (S). We can infer the 

significance by verifying whether the hypothesis (H0) is correct. ANOVA relies on F-distribution as the 

basis of the probability distribution and estimates F value by using the Sum of Square Within (MSWithin) 

and Mean of Square (MS) calculated by Sum of Square (SS) over Degree of freedom (Df) [4]. Following 

are formulas to calculate the Sum of Square (SS) and Sum of Square Within (SSwithin): 

 

SS = ∑ ∑ (𝑌ij�̅�total)𝑗𝑖
2                                                                     (1) 

SSwithin = ∑ ∑ (𝑌ij�̅�i)𝑗𝑖
2                                                       (2) 

 

Where “i” represents the number of groups (i=1,2); “j” represents the number of individuals (j=1, 

2, …,1086), which we have overall 1086 responses for each question; Yij is the j-th observation of the 

group i; �̅�total is the average of all observations; �̅�i is the average of observations in group i. And The 

calculation of mean of square (MS) equation shows below: 

 

MS = 
SS

n-r
                                                                   (3) 

MSwithin = 
SSwithin

r-1
                                                             (4) 

 

Where “n” means the overall number of individuals, “r” means the total number of groups. SS is the sum 

of squares, which use calculated by degrees of freedom for each individual group (n-1) multiply by the 

squared standard deviation for each group. After that, the F value could be calculated as follows: 

 

F = 
MSwithin

MS
                                                                 (5) 

 

When the F value is large, in the total variance, it mainly comes from the variance between groups. At this 

time, the original hypothesis (H0) would be rejected. Conversely, if the F value is small, the variance is 

derived from the random error, then accept the null hypothesis (H0), indicating that advisor’s assessment 

(T) will have no significant effect on students’ self-evaluation (S) [5]. Equivalently, if p-value Pr(>F) less 

than 0.05, the original hypothesis (H0) would also be denied.  

 

RESULTS 

 

Apply to R software, the “aov()” function is used to perform the variance calculation and analysis. Here 

question 1(a) showed as an example in table 6. We deduced p-value, which represents the significance of 

the two groups, based on the F value. 



 

TABLE 6. Significant Analysis Result of Programming 

 

 Question 1(a) Df Sum of Square Mean of Square F value Pr (>F)    Code 

Group 1 6.09 6.09 24.32 9.42e-07 *** 

Residuals 1083 271.13 0.25       
Notes: *** means very significant. 

 

From the result of programming, we can ascertain the p-value of question 1(a) is 9.42e-07 < 0.001, which 

rejected the original hypothesis (H0), illustrated that for this question, advisor’s assessment (T) have a 

significant effect on students’ self-evaluation (S). All p-values are displayed in Table 7. 

 

TABLE 7. P-Value Outcome of Each Question 

 

Question 

ID 

1(a) 2(k) 3(e) 4(c) 5(h) 6(g) 7(g) 8(d) 9(c) 10(i) 11(j) 

Pr (>F) 9.42e-07 <2e-16 5.50e-06 <2e-16 7.03e-03 1.85e-10 8.36e-06 1.64e-05 2.88e-07 8.10e-02 <2e-16 

Codes *** *** *** *** ** *** *** *** *** 
. *** 

Notes: Significant. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1. 

 

As can be seen from p-value outcomes table, advisor’s assessment (T) questions have a highly significant 

effect on students’ self-evaluation (S) except for question 10(i), which is about student’s ability to engage 

in life-long learning. In addition, following figure1 exhibit each question’s honestly significant difference 

(Tukey's HSD) between the advisor assessment (T) and student self-evaluation (S). From the figure, we 

can conclude that the advisor’s scoring is generally higher than students self-evaluate. 

 

FIGURE 1. Honestly Significant Difference (Tukey's HSD) 

 

 



 
CONCLUSION 

 

In this study, based on the p-value outcomes, it’s obvious that advisors’ assessment has a highly significant 

effect on students’ self-evaluation. The comparison between the two groups by using Tukey's HSD method 

demonstrates that advisors’ assessments of students are a little bit higher than students’ self-evaluation 

even though scores are quite close. One potential reason for this is students did not deem that they have 

acquired enough knowledge from this program while advisors believed they have been ready for work. 

Or maybe, it’s probably because teachers have a better understanding of off-campus job requirements than 

students. Therefore, the school ought to appropriate adjust the education program and the implementation 

of the senior project for the sack of teachers and students can reach a consensus. 

 

Even though Analysis of Variance (ANOVA) model is straightforward and simple to understand, it is still 

insufficient to demonstrate our points of view. Moreover, we integrated the number of scoring options 

from 4 or 5 to 3 only, which would reduce the difference between the two groups. Using different models 

to do further analysis on some more education datasets would be helpful for both verification and 

comparison purpose. 
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