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ABSTRACT

Both professionals’ assessment and students’ self-assessment have been used to evaluate student’s
learning outcomes. Thus far, very few studies have been dedicated to the examination of the
difference between them. This study aims to fill the gap by investigating the discrepancy in
between. Various statistical tests were employed to compare the two types of evaluation responses
collected from senior project assessments over the span of seven years. The study revealed that the
industry professionals generally rated students higher than the students' self-evaluation of their
own capabilities, and most students’ performance and achievements were up to the industry
professionals’ expectations.

Keywords: Industrial professionals; Engineering students; Self-evaluation; two-sample t-test;
student learning outcomes.

INTRODUCTION

Nowadays, most higher education institutions tend to regard student assessment as a learning
strategy rather than a method of measuring learning [1]. Evaluation and the application of rubrics
enable students to be well encouraged and motivated. The assessment is also an effective modus to
evaluate student performance and main issues at the learning stage [2-4]. Assessment is an effective
method to detect learning progress, achievements, and other information about students [5]. Student
assessment surveys provide teachers with feedback on development opportunities, and they form
the basis for tenure decisions and achieving the desired goals [6,7]. Based on educational
psychology research, self-assessment is related to motivation, and students’ motivation to learn is
essential for lifelong learning [8,9]. Similarly, peer assessment is also a common means of assessing
students’ competencies. In peer assessment, students evaluate the abilities of other students but not
their own, which is typically applied when evaluating projects and practical presentations [10].
Most students consider peer assessment to be a beneficial activity that helps their learning and
motivation [1]. Likewise, studies have shown that when using global judgment or scoring academic
products and processes rather than professional practice, peer assessment is very similar to teacher
assessment [11]. A study done by [12] reveals the significant correlation between teacher evaluation
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and self-assessment scores [12]. The findings shown that teacher evaluation was more accurate than
self-assessment.

In addition, there are also different types of traditional evaluation strategies, such as alternative
assessment. Instead of selecting from the given specific options, alternative assessment prompts
students to provide their original and innovative responses, potentially guiding students to express
their feelings and emotions [13]. The assessment keeps students in a positive state throughout
teaching, learning, and evaluation process, thereby helping them develop and evaluate their
abilities. However, due to the responses' characteristics, the open-ended responses from students
are difficult to be classified and used for statistical analysis. Therefore, the form of assessment used
in this study will allow the students to select an assessment that accurately describes their abilities
from a specific list of options.

Due to the lack of attention to learners’ sense of responsibility, many traditional assessment
methods have become less popular [14,15]. This study emphasized professionals’ assessment and
student self-evaluation among different students' abilities evaluation methods. Senior project is the
best term project to inspect the students’ learning achievements in the entire undergraduate
program. The authors believe that for these students who will soon obtain their undergraduate
degree certificate, their self-evaluations and the evaluations from industry professionals are more
important than other assessment methods.

Self-assessment provides students with valuable feedback about themselves and helps them with
personal and professional development [16]. Students' self-assessment of their work and processes
helps improve academic performance and self-regulation skills. It is suggested that students' self-
assessment should no longer be regarded as an assessment but as the basic ability of self-regulation
[17]. Furthermore, self-assessment can be defined as a “descriptive and evaluative act carried out
by the student concerning his or her work and academic abilities [18]”.

Professionals' views on the effective assessment process involve their knowledge, skills, and
abilities as the main targets of experienced educators and education leaders [19, 20]. It is one of the
most critical aspects of the job for a teacher to assess student performance [21]. Assessment includes
selecting the relevant elements of the education system, evaluate its quality, and giving weight to
them. The choice of relevant features depends on the intended purpose of education, including
social goals and personal goals [22]. Compared with non-trained evaluators, a higher percentage of
trained evaluators consider themselves competent [23].

Self-assessment is sometimes considered to be the most difficult because the students feel it is
impossible to assess their work [24]. Self-assessment has certain qualities, so its use as a formal
assessment is limited [25]. Self-evaluation and lecturer-assessment are intended to better engage
students in the learning process through evaluation [26,27]. Students in Hong Kong believe that
lecturers are more knowledgeable in assessment, and lecturers also regard assessment as their duty
[1]. Another study [28] has indicated that there is resistance to this shift from lecturer assessment
to peer assessment by both staff and students for reasons such as the reliability and fairness of peer
assessment and the increasing the workload of lecturers as the peer marks would have to be collated.
Therefore, based on student self-evaluation, this study adds professionals to compare with to
increase assessment rigor. Although many articles have researched professionals’ assessment and
students’ self-assessment separately, very few articles examined their relationship. The primary
purpose of this study is to discover the difference in student outcome evaluation between industry
professionals and students.

In summary, this paper contributes to the field of higher education by providing a reference for
educators and some industry professionals with ratings and evaluations on the graduation projects



of civil engineering students, by comparing the significance of professionals’ scoring of students'
various engineering professional skills and the self-evaluation by students themselves. Explicitly,
industry professionals review and evaluate 11 different student abilities in the survey data. The
assessment includes students' application ability of engineering knowledge and tools, presentation
skills, understanding of the project objectives, and ability to solve problems.

To compare the responses from professionals’ assessment and student’s self-evaluation, three types
of t-test models were used in this study to examine the corresponding student's ability in the two
groups. For each model, the dependent variable is the evaluation score for a specific student's
abilities. The independent variable is the rating from professionals (P) or students (S). In these
models, the classic two-sample t-test and Welch’s t-test models are used to judge whether the mean
score of professionals’ assessment and students’ self-evaluation are significantly different.
Subsequently, the Wilcoxon signed-rank test model can be used to determine the median in the two
groups. Then we can compare the results of these models and discover the relationship of the
evaluations from industry professionals and students themselves.

DATA DESCRIPTION

In this project, both Senior Exit Survey and Senior Project Assessment data were used in analyzing
and expounding viewpoints. A Senior Exit Survey was conducted by the Civil Engineering
Department of California State Polytechnic University, Pomona, on civil engineering students who
have completed their senior project at the last of their undergraduate programs 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, length of study in CPP, campus involvement, employment
history, licensing qualifications, self-assessment of student outcomes, etc. Table 1 below shows
eleven questions selected from this survey data. Senior Project Assessment consists of different
questions about student ability assessments, such as applying knowledge, ability to function on an
interdisciplinary team, quality of presentation and communication, understanding contemporary
issues, lifelong learning, etc. Likewise, eleven questions matching the student survey were chosen
from the assessment and are identified in Table 2.

TABLE 1. QUESTOINS SELECTED FROM THE SENIOR EXIT SURVEY

Qu(Ie:)tlon 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.

Ability to design a system, component, or process to meet desired needs within
c realistic constraints such as economic, environmental, social, political, ethical,
health and safety, manufacturability, and sustainability.

Ability to function on multidisciplinary teams.

Ability to identify, formulate, and solve engineering problems.

Understanding of professional and ethical responsibility.

Ability to communicate effectively.
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Understanding of the impact of engineering solutions in a global, economic,
environmental, and societal context.

—

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




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

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(1) Ability to recognize the need for and be able to pursue lifelong learning.
11() Awareness and understanding of contemporary issues and their
interactions.

In the student survey, each result has four possible answers: (0) Not applicable; (1) Poor; (2)
Moderate; (3) Excellent. After data-cleaning, which removed the missing or wrong data, 662
responses were finally retained for this research analysis. The survey aims to collect feedback from
undergraduate students and allow students to make self-assessments on their 11 different
professional competencies and skills. As for assessment, separate from the student survey, the result
has only four possible answers: (0) Not applicable; (1) Poor; (2) Moderate; (3) Excellent. A total of
424 advisors evaluated groups of students over seven years, from 2013 to 2019. Table 3 lists the
detailed categorization of responses. The preliminary investigation of this study is to match the
capability evaluation questions from two surveys and find out the significant impact between them.

TABLE 3. DESCRTPTIVE STATISTICS OF ADJUSTED EVALUATION OUTCOMES

Count and Percentage of Responses
Question ID i
Excellent Poor N/A q Total Valid
@) Moderate (2) ) ©) Rating Average Response Count ot G
247 162 14 1
P (1a) 58.25% 38.21% 3.30% 0.24% 255 424 423
290 322 30 0
S (12) 43.81% 48.64% 7.55% 0.00% 2.36 662 662
269 133 17 5
P@b 54.01% 31.37% 4.01% 1.18% 2.60 424 419
247 34 70 3
S (2k) 37.31% 51.66% 10.57% 0.45% 2.37 662 659
229 162 31 2
P Be) 54.01% 38.21% 731% 047% 247 424 42
265 332 65 0
S (¢) 40.03% 50.15% 9.829% 0.00% 240 662 662
214 182 20 3
P4 50.47% 42.92% 4.72% 1.89% 247 424 416
175 321 165 1
S (4¢) 26.44% 48.19% 24.92% 0.15% 2.01 662 661




P Gh) 502.;431% 391,32% 7,31% 2.;;% 244 424 413
S Ghy 43232% 442,32% 1 1,7353% 0.756% 231 662 657
P (6g) 652;3% 291.4213% 3.;3% 0.92% 2.62 424 419
S (69) 473.15% 412.(25% 11.7353% 0.435% 2.36 662 659
P 592.;‘1‘% 351,21 % 3&3% 1.158% 2.57 424 419
S (79 433.;%% 412,35% 1 1,7353% 0.435% 2.36 662 659
P3d) 632.(25213% 301.22% 3;3% 2.5135% 2.62 424 412
S®d 5 13.2§% 402.%% 8.8?% 0.115% 244 662 661
P () 401.88% 472,?2% 8;2% 3.;5% 2.32 424 408
S ©) 261.12% 483/21;% 2418;% 0.115% 2.02 662 661
P (103) 581.28% 30.6253% 1.846% 9;8% 2.63 215 195
S (10) 563;2% 352.28% 6.32% 0.61)% 2.50 662 658
Pai 641.22% 30,6253% 1,846% 9.?8% 2.63 215 202
St 352.2(5)% 463,91é% 161,;;% 0.756% 2.19 662 657

Notes: “P” represents the response from industry professionals; “S” denotes that the response came from the students’ self-
evaluation.
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Notes: “P” represents the response from industry professionals; “S” denotes that the response came from the students’ self-
evaluation.

FIGURE 1. DISTRIBUTION OF PROFESSIONAL AND STUDENT EVALUATION SCORING
RESPONSES

The violin charts show the distributions of professionals’ and students’ responses to these eleven
survey questions in Fig. 1. The replies from professionals are shown in blue, and student’s responses
are shown in yellow. In Fig. 1, the rectangle's width represents the proportion of people who
selected the corresponding score. As a result, most professionals and students rated the abilities as
moderate or excellent (2 or 3 points), and few people rated the abilities as poor (1 point).
Professionals tend to give students good reviews. Excellent is the professionals' most popular option
for ten of these eleven questions. Only the evaluation of the design experience level (9¢) is different
from the above situation, with moderate ratings as the choice of most professionals. Furthermore,
the professionals evaluated the students immediately and three professionals evaluated the group of
six to eight students. Overall, professionals generally give high marks to students' abilities. And for
these eleven survey questions, the average ratings from professionals are higher than students' self-
evaluation.



METHODS

This paper aims to find out the potential difference between industrial professionals’ assessment
and students’ self-evaluation. Two separate evaluations against a series of students’ engineering
competencies who are about to finish their undergraduate program. For determining differences
between the two groups, the t-test is a valuable method for estimating whether two random variables
are independent. In this study, two different test methods (t-test and Wilcoxon test) will be used to
determine the mean and median of the students' 11 different abilities assessment results. The
unpaired two-sample t-test was used to determine the mean of the student ability score. The null
hypothesis (Ho) is that there is no significant difference between the mean scores of professionals’
assessment and the mean scores of students' self-evaluation. Meanwhile, the Wilcoxon test was
used to determine the median. The significant difference between them can be determined by
comparing the mean and median scores between professionals’ assessment and students’ self-
evaluation. The null hypothesis (Ho) is that there is no significant difference between the median
scores in professionals’ evaluations and students' self-evaluation.

Fisher’s F-test

Before doing the t-test to determine the mean scores between the two groups, whether the
professionals’ assessment and students’ self-evaluation have the same variance need to be verified.
Fisher’s F-test for homogeneity of variances [29] was used in this study. The test statistic can be
obtained by computing the ratio of the variances of students’ self-evaluation (Ss°) and professionals’
assessment (Sp?), the equation shows below [30].
s3
F=3 (1)
By calculating the F-value, we can define whether the variance of students’ self-evaluation scores
was the same as the professionals’ assessment scores. For each students' engineering professional
ability to be tested, according to the variance is the same or not, the following two different t-test
methods can be chosen.

Classic Two-Sample T-test

The classic two-sample t-test [31] was used to determine the difference of mean scores in the two
groups if the variances of the two groups were equivalent. The t-test value can be calculated as
follows [30].

mg —mp (2)
[s2, 52
ns  np

Where ms and m, represent the sample mean of students’  self-evaluation scores and
professionals’ assessment scores, respectively. ns and n, represent the sample sizes of the two
groups. S? is an estimator of the pooled variance of the two groups, which can be calculated as
follow [30].

t =

df =ng + n, - 2 3)
2 _ Y (x-mg)* + Z(x—mp)z
St = ng+ny—2 (4)

Where df represents the degree of freedom. x represents the independent variable which is the
evaluation score.



Welch’s Two-Sample T-test

Instead of using the pooled variance S? in the classic t-test. Welch’s t-test [32] involves the variance
of each of the two groups S¢* and S,?, which are the standard deviation of the two groups of
students’ self-evaluation scores and professionals’ assessment scores, respectively.

ms —my

t= S))
st,5b
ns  np
The degree of freedom of the Welch t-test is estimated as follows.
_ (8% S s¢ Sb
df - (n_s + E)/(ng(ns_ 1) + n]ZJ(np _ 1)) (6)

After concluded the t-value and degree of freedom for each student's ability evaluation outcome,
the t distribution reference table can be used to detect whether there is a statistically significant
relationship between student self-evaluation and professionals’ assessment of the corresponding
question in the survey. For the tested question with a p-value less than 0.05 obtained from the t
distribution reference table, the result rejects the null hypothesis, which means at a 90% confidence
level, the mean scores of professionals’ assessment and the mean scores of students' self-evaluation
are statistically significantly different.

Wilcoxon Signed-rank Test

Wilcoxon test was used to determine the differences in the scores in professionals’ assessments
and students’ self-evaluation by ranking method [33]. First, calculate and rank the distance
between the two sets of sample values: the evaluation scores. To achieve this, the absolute value
after subtracting the two sets of sample values can be calculated, and then sort these computed
values. Secondly, exclude the pairs with a distance equal to 0, and record the remaining sample
size. Thirdly, sort the remaining pairs from small to large and ranked the pairs. Finally, the test
statistic W can be calculated using the following equation [34].

W =¥ [sgn(xy; — %s:) - Ri (7)

Where N, is the number of samples remaining after excluding the pairs with the calculated distance
is zero. sgn represents the sign function which is a logical function used to determine the sign of a
real number. R; denotes the rank number.

Similarly, after calculated the W wvalue, the corresponding p-value can be found against the
reference table. The tested question with a p-value less than 0.05 indicates that the result rejects
the null hypothesis. The median scores in professionals’ assessment and students’ self-evaluation
are statistically significantly different.

RESULTS

A mentioned previously, potential difference between industrial professionals’ assessment and
students’ self-evaluation. The statistical software ‘R’ was used for statistical modeling in this study.
The results obtained by Fisher’s F-test, two-sample t-tests (Welch's two-sample t-test and classic
two-sample t-test), and Wilcoxon signed-rank test are illustrated in Table4, Table 5, and Table 6,
respectively.



Fisher’s F-test for homogeneity of variances between the two groups includes the professionals’
assessment score and students' self-evaluation score. The calculated F-value, p-value, and degree
of freedom for each question were shown in Table 4. Based on the result of p-values, a total of 9
sets of questions rejected the null hypothesis, indicating that the variances of the two groups in these
questions are not equal at the 90% confidence level. For these nine sets of questions, we used
Welch's two-sample t-test the significance of professionals’ assessment scores and students' self-
evaluation. And for the remaining four sets of questions, the classic two-sample t-test was used to
examine the significance of the two groups.

The outcomes of Welch's two-sample t-test and classic two-sample t-test were merged and
displayed in Table 5. As a result, all 11 sets of questions have p-values less than 0.05. This means
that for all student competence assessment questions in this survey, the professionals’ assessments
are significantly different from students’ self-evaluation. Also, based on the response outcomes
shown in Table 3 and Fig. 1, the sample mean of the professionals’ assessments is greater than
students’ self-evaluation. Therefore, combining the p-value results and the average rating scores,
we can safely conclude that the mean scores in professionals’ assessment and students' self-
evaluation are significantly different. The mean score of the former is higher than the latter.

Analogously, the outcomes of the Wilcoxon signed-rank test are shown in Table 6. All these 11
questions rejected the null hypothesis (Ho) with p-values less than 0.05, which demonstrates the
relevant findings with two-sample t -test that the median scores in professionals’ assessments and
students’ self-evaluation are significantly different.

TABLE 4. F-TEST FOR HOMOGENEITY IN VARIANCES

Question | 1@ | 209 | 30 | 49 | sm) | 6@ | @ | 8@ | %9 | 106 | 10
df (S) 661 658 661 660 656 658 658 6601 660 657 656
df (P) 422 418 421 415 412 419 418 411 407 194 201

F 1.218 1.273 1.027 1.489 1.123 1.475 1.469 1.334 1.268 1411 2.162
p-value 0.027 0.007 0.764 1.07e-05 0.197 1.63e-05 | 2.02e-05 | 1.41e-03 0.009 0.004 3.84e-10

Notes: 1.Statistically significant variables with a p-value less than 0.05 are bolded. 2. “df (S)”
and “df (P)” indicate the degree of freedom of students’ responses and professionals’ responses,
respectively. 3. F values are derived from Equation (1).

TABLE 5. TWO-SAMPLE T-VALUE OUTCOMES

Qustion | @ | 2w | 3@ | 4@ | sm | 6@ | @ | 8@ | %9 | 106 | 16
df 962.22 966.39 1082 1003.2 1068 1009.1 1005.9 963.71 938.75 371.03 490.59
t -5.18 -8.93 -4.22 -11.24 -2.95 -7.03 -5.61 -4.87 -7.32 -2.73 -11.42
p-value 2.70e-07 | <2e-16 | 2.62e-05 | <2e-16 | 3.27e-03 | 3.72e-12 | 2.5e-08 | 1.32¢-06 | 5.28e-13 0.007 <2e-16

Notes: 1. Statistically significant variables with a p-value less than 0.05 are bolded. 2. T values
are derived from Equations (2) and (5). 3.“df” stands for degrees of freedom.

TABLE 6. WILCOXN TEST P-VALUE OUTCOMES

Question | 4y | 200 | 3@ | 4@ | sm) | 6@ | @ | 8@ | %9 | 106 | 1G)

W 162231 | 176698 | 159685 183620 | 148523 | 167312 160148 155871 165730 | 69877 91569




p-value 6.8e-07

<2e-16 | 9.78e-06

<2e-16 | 0.0038 | 6.19¢-11 | 6.57e-07 | 5.09¢-06 | 7.05e-12 | 0.0289

<2e-16 |

Notes: 1. Statistically significant variables with a p-value less than 0.05 are bolded. 2. W
values are derived from Equation (7).

CONCLUSIONS

For a series of civil engineering students’ abilities, such as applying engineering knowledge and
tools, this study discusses the difference between the evaluation of industry professionals and
students’ self-evaluation. Based on the p-value outcome of the t-test models, it is evident that the
mean score of professionals’ assessments is statistically significantly different from the mean score
of students’ self-evaluation. Moreover, industry professionals generally rated students higher than
students' assessment of their abilities. This shows that most students’ presentation performance
and achievements of the senior project satisfied the industry professionals. However, students have
stricter requirements for their abilities. Compared to experts, students have insufficient work
experience in the engineering field. Professionals tended to give students more encouragement to
strengthen their confidence, which can help them cope with more complex tasks they may
encounter in future work.

On the other hand, the higher evaluation from professionals may also be that they do not have
enough time to participate in students’ projects. Most of the professionals only focused their review
on the final presentation of the project, which the students prepared for a long time. With the final
speech alone, professionals could not understand the methods and time spent by students in solving
problems. Hence, educators can appropriately adjust the project's progress so that professionals
can be more involved in the entire project. This allows professionals to reach a consensus with
students ’self-evaluation, which makes the program more profitable.

Therefore, if educational institutions or educators lack the professionals' assessment of the
program or students' abilities, the evaluation outcomes of the professionals can be estimated by
the students’ self-evaluation according to the results of this study. Meanwhile, to make the
estimated results more applicable, this study needs more future development. Increasing the
sample size of the original data and collecting more evaluation data from multiple departments
and universities can make the models more comprehensive. Additionally, when doing the
assessment, providing some specific and detailed rubrics can also enable professionals and
students to have a more accurate assessment of students' abilities.
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