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The accuracy of student grading in first-year engineering courses

NATASCHA VAN HATTUM-JANSSEN'*,
JOSE AUGUSTO PACHECO? and
ROSA MARIA VASCONCELOS'

Assessment has become a powerful tool 1o change student learning, [n a project of

the Council of Engineering Courses of the University of Minho, Portugal, students
of textile engineering, apparel engineering and industrial electronics increased their
participation in every aspect of their assessment process. The traditional exam was
changed to three assessment moments with increasing student involvement. The
goal of the project was to try to change the learing styles of the students to more
profound ones and to look at the grading ability of the students, which means their
ability to mark their peers’ or their own work, It was suppesed that engineering
students would have major difficultics in grading themseives and their peers.
because they were inexperienced lirst-year students and because it is not gl
common practice on the engincering courses of the University of Minho. It was
found that students were able to grade their colleagues and themselves and that the
level of accuracy depended on their final grade.

1. Intreduction

Assessment—or evaluation—of students has a rather big impact on their learning. In
the literature, assessment is ofien mentioned as an instrument to influence student learn-
ing {Barnett-Foster and Nagy 1996, Hager and Butler 1996, Baillie and Tochey 1997,
Dochy and Moerkerke 1997, Biggs 1999). Assessment of learning 1s a key ro change
fearning. Dochy and Moerkerke (1997) pointed out that as assessment thanges, learn-
ing and teaching will change as well, As Hargreaves (1997: 403) indicates:

Assessment is vitally important to students and exerts o major influence on their approach to

learning. Assessment procedures should therefore promote and reward the achievement of
desired learning outcomes. Teaching, learning and assessment are inextricably linked.

A good test result is normally a strong incentive for a student not oniy to lcarn, but also
to learn in a certain way. The strong impact of assessment on fearning makes it a
powerful instrument for institutions, course directors, individual teachers and others
responsible for teaching and learning to improve the quality of education. To use
assessment as a tool for student learning, students need o he respansible for their own
assessment process. Dochy and Moerkerke (1997) present a continuum with the teacher
on one end and the student on the other end of the continuum. In traditional teacher-
controlled education, the teacher carries out each assessment task. He determines
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criteria, evaluates the performances of students and gives feedback. Dochy also
explains student-controlled assessment, where students are involved in stating criteria,
evaluating their own performance and giving feedback. In between these extremes,
there are a number of possibilities. In co-assessment, a more teacher-controlled assess-
ment method, students and teachers co-operate in the assessment process. They discuss
assessment criteria and students can evaluate cach other, but the teacher takes the final
decisions. Students learn to see what it is to evaluate and make Judgements,
Furthermore, students learn to evaluate themselves and reflect on their own perfor-
mances. Peer assessment implies less teacher involvement than co-assessment.
Students evaluate each other. It is used to encourage deeper learning. Self-assessment
is the opposite of traditional assessment. In this case, students are very much involved
in the assessment process and they have a central role in their evaluation, The teacher
is not the only person responsible for the assessment process any more. Students take
part in the development of criteria and the evaluation of their own and their colleagucs’
performance (Houston and Lazenbatt 1996, Mcllveen er al. 1997, Sheppard ef al.
1998, Sluijsmans ¢r af. 2001).

Apart from advantages of student involvement in assessment, there are some diffi-
culties as well, especially when introducing peer asscssment, self-assessment and
co-assessment for the first time. Students may not be used to criticizing themselves and
others and may feel inexperienced. They are afraid of getting an unfair judgement from
their colteagues. Explicit marking procedures and guidance of students is nocessary for
them to gain confidence in assessing each other and to assure an adequate and fair
assessment. Studies in, for example, civil engincering, describe possible peer assess-
ment methods that help students to be fair and accurate to each other (Rafiq and
Fullerton 1996, Lejk er al. 1996). A study at the Hong Kong Polytechnic University
showed significant diffcrences in the grading of tutors and peer groups (Kwan and
Leung [996), who asscssed a simulation training exercise of third-vear students.
They argue that self-assessment is a skill that becomes more reliable with practice.
Other studies indicated, however, that students were able to assess themselves accu-
rately and showed positive correlations between student and teacher grades
{(McDowell 1995, Longhurst and Norton 1997).

In this study, students are supposed to assess their peers and themsclves. They have
an increasing responsibility and participation in the assessment process, going from
co-assessment and peer assessment at the first and second moment, to self-assessment
at the third moment. The main goal of the change in assessment method was to deepen
the learning of the student, although this article ts not focusing on leaming styles of the
students, but on the accuracy of grading. At the engineering courses of the University of
Minho, there was little or no tradition of student participation in assessment of learning.
It was supposed that peer and self-assessment was too complicated for most of the
students, who arc not very motivated in their course and who did not seem prepared for
a large increase of responsibility for their own leaming and assessment.

2. Sample

The,_sample of this study consisted of 96 students on three different courses: 36
first-year students of textile engincering and apparel enginecring and 61 first-year
industrial electronics students. The students of textile and apparel engineering were
considered one group, because they participated in the same subject together: introduc-
tion to textile engineering. The subject of the industrial electronics group that was
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in the first vear.

3. Process

Students faced three evaluation moments
of the semester. Fach evaluation moment d
tion. The first moment can be described
worked together closely, but the student
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cher became less important. The asses
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Asscssment

Introduction to industriai

Introduction to textile engineering

moment electronics (industrial electronics) {textile and apparel engineering}
First Group work/report Test
* Defining assessment criteria * Making tost questions
¢ Correcting report of other group ¢ Cortecting one other student
& Justifying classifications ¢ Justifving classification
Second Take-home assignment Group workireport
® Defining assessment criteria * Defining assessment criteria
¢ Correcting work of colleagues & Correcting repor: of other
® Justifying classifications Zroup in group
* Making recommendations ¢ Justifying classifications
# Making recommendations
Third Test Individual assignment
¢ Defining assessment criterig ¢ Defining assessment criteria
¢ Comrecting own work » Correcting own work
e Justifying classifications ¢ Justifying classifications
® Making recommendation ® Making recommendation
® Writing reflection ® Writing reflection
Table 1. Assessment tasks and related student activities for cach asscssment moment.
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4. Instrument

For the information collection, an evaluation form was used at cach assessment
moment. The form included the assessment criteria, the teacher grade, the student
grade, justifications and, for the second and third moments, recommendations. The
students completed the form in a group in the case of a group assignment and by them-
selves in the case of an individual assignment.

5. Results

For each assessment moment, students identified criteria. Two types of criteria were
used. For reports, students identified criteria such as identification of the objectives,
structure, clarity, content, literature search, conclusions and references. If the assess-
ment tasks did not include a report, the criteria included the correct answer of a test
question or exercise and the calculations that would lead to the answer, Tables 2 and
3 show the results of pamred rtests that were used to identify significant differences
between the teacher grades and the stident grades. Comparisons of means for the first
assessment moment of industrial electronics and the second assessment moment of
textile and apparel engineering were not included, because of the small number of
ohservations, due to group work, The groups of 61 and 42 students, respectively, were
divided mto groups of four students, who graded the work of their peers as a group.
Therefore, the number of grades to compare was much lower than at the other, indi-
vidual assessment morents.

Tables 2 and 3 give the results for industrial electronics at the second and third
assessmient moments. At the second moment, teachers and students differ significantly
on two criteria and on the total grade. At the setf-assessment task, students and teachers
disagree significantly on five cnitenia and the total grade. The situation at textile and
apparel engineering demonstrates more agreement between the teacher and the students,
Only two criteria are assessed as significantly different at the third assessment moment.

To have a more detailed look at the differences in scoring accuracy of students and
their final grades, both groups of students were divided into three equal size sub-
groups, based on their final grade, as given by their teachers. Tables 4 and 5 show the
differences in mean grades between teachers and students for each level group. The
total scores reflect the grades of the assessed students, not of the assessing students.
Theretore, the highest level group does not necessarily have to have the highest grades.

Students Teacher
Criterion M 5D M 5D {(df=61)
fE2.1 13.05 3.658 7.50 4414 10.267%**
[E2.2 17.41 4511 16.70 5614 1.247 (n.s.)
[E2.3 15.73 5.624 16.38 5,748 -1.335 (n.s.)
IE24 7.20 42067 4.39 3.174 6. 475%%*
IE2.5 10.89 4218 11,74 4,501 —1.418 (n.s.)
IE2.6 7.41 3303 7.62 3.327 —0.397 (n.s.)
1E2.7 3.60 1.798 3.98 1.5354 —1.768 (n.s.)
1E2 Total 753.29 16.369 68.38 19.436 4.403%%*

Table 2. Differences between mean scores of teacher grades and student
grades at the second evaluation moment of industrial electronics,

Significance level: *p < 0.05. **¥p < 0.01: ¥**p < 0.001. n.s., not significant.
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Table 4. Differences between mean scores of teacher grades and student grades of the students
per level of grade at the second evaluation moment of industrial electronics. T,
Significance level: *p < 0.05; **p < 0.01; ***p < 0.001.
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Students Teacher
Group Criterion M D M SD df 3
Highest jevel [E3.1 4.36 0.85 4.67 0970 17 -0.461 (ns)
[E3.2 15.59 623 17.11 4575 17 —1.080 (n.s.)
TE3.3 3.00 2.27 2.11 1.267 17 1.978 (n.s.)
IE3.4 7.67 3.49 7.56 3.502 17 0.178 (n.8)
IE3.5 5.89 4.86 6.00 4.947 17 —0.356 (ns.)
[E3.6 9.17 1.9] 3.7 2.927 17 0.889 {n.s)
[E3.7 4,76 (1.56 4.88 0.485 17 —0.308 (n.s.}
[E3.8 16.81 502 16,00 5.770 17 0.669 (n.s.)
1E3.9 2.94 2,12 2.72 2.052 17 0.435 (n.s.)
TE3.10 6.72 3.95 6.17 4062 17 0.617 (n.s.)
[E3.Total 7684 16,10 75.67 L1.37 17 0.403 (n.3)
Intermediate level  IE3.1 3.92 1.92 4.50 0.798 17 - 1.465 {n.s.)
[E3.2 12.00 7.24 1092 7.440 17 1132 (ns)
IE3.3 1.58 1.92 0.75 1.603 17 [.758 (n.s.})
IE3.4 342 172 1.3 2.406 17 1.682 (n.s.)
IE3.S 4.17 4.85 4.17 5.149 17 0.000 (n.s.)
IE3.6 5.83 417 433 31916 17 2.105 (n.s.}
1E3.7 3.08 227 3.00 207417 (146 (n.5)
IE3.8 9.00 819 7.00 5360 17 1.188 (n.s.)
[E3.9 1.58 1.97 0.50 1446 17 2493
[E3.10 4.25 407 3.25 3519 17 1.459 (n.s.)
IE3. Total  48.83 14.92 40.25 3.519 17 2.872F
Lowest level [E3.1 2.82 1.95 336 1.781 13 —1.075 (n.s.)
IE3.2 8.21 761 4.86 5216 13 2.396%
1E3.3 1.36 1.53 0.57 1.158 13 1.808 (n.s.)
1E3.4 3.93 3.79 0.43 1138 13 3.524%*
iE3.5 2.93 351 1.43 2,901 13 1.916 (n.s.)
IE3.6 4,36 425 3129 4.084 13 1.670 (n.s.)
IE3.7 2.07 2.84 .64 2.134 13 0.598 (n.s.)
IE3.8 6.18 7.09 1.30 2,955 13 2.763*
[E3.9 1.39 1,52 0.29 0.611 13 J.416%*
1E3.10 1.50 2.41 0.36 0,929 13 2.332%

IE3.Total 3821 21.16 1653 9,841 13 3.803%=

Table 5. Differences berwsen mean scores of teacher grades and student grades of the students
per level of grade at the third evaluation moment of industrial electronics.
Significance level: *p < 0,05; **p < 0.01: ***¥p < 0,001,

Table 4 concerns the second assessment moment of industrial electronics. Two
means for the best students are significantly different: for the first criterion
{7 < 0.001) and for criterion [E2.4 { p < 0.01). The total grade mean is not different.
For the intermediate group, four grade means are significantly different, although the
total grade is not significantly different. The group with the lowest grades shows four
significantly different grade means. Table 5 shows the differences for the mean grades
of the third evaluation moment of industrial electronics. At this moment, the best stu-
dents appear to be accurate in their scoring. They grade themselves about the same
way the teacher does, not revealing any significant differences. The intermediate stu-
dents are less accurate, disagreeing with the teacher grade on one criterion. The total
score is also different. The students with the lowest grades scem to have major
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difficulties with the self-assessment, as conducted at the third assessment moment.
They differ significantly from their teacher on five out of ten criteria and on the total
grade.

The results of textile and apparel engineering per level are similar {o those of
industrial electronics. There is little disagreement between teacher and students at the
highest and intermediate-level group: only one significant difference between student
and teacher grade ( p < 0.05), whereas there is no significant difference in the group of
students with the lowest grades. At the third moment, the self-assessment moment, stu-
dents seem to have many more difficulties with sccurate grading. In particular, the
intermediate students and the students with the lowest grades face difficulties at nearly
every criterion.

6. Discussion

The general results as presented above do not indicate clearly whether or not stu-
dents are able to assess themselves. Both courses show different results. At industrial
electronics, mean grades of students and teacher are significantly different in almost
half of the cases. At textile and apparel engineering, there are only four significant dif-
ferences. This can be explained by the nature of the criteria that were identified. At the
first assessment moment of textile and apparcl engineering, students were insecure
about the corrections of their calleagues and they looked for very clear criteria.
Combined with the short answer nature of most of the test questions, the grading pro-
cess became rather structured, making it relatively easy for students to grade their col-
fengrues. At industrial electronics, the nature of the test questions and take-home
assignment was more complex, so the actual grading process was less structured and
therefore more complicated for the students. From the mdustrial electronics results,
self-assessment seems to be harder than peer assessment. Looking at the results per
course per student final level, it becomes clear that the final grade of a student 1s a
strony indicator of his or her accuracy in grading. The best industrial engineering
students only differ with their teacher on two criteria at the peer assessment moment,
whereas the intermediate students and the students with the lowest grades differ on,
respectively, three and four criteria. At the self~assessment moment, the differences
berween the groups are even more obvious. The best students agreed with the teacher
on each criterion. while the intermediate students ditfered on two eriteria. The students
with the lowest grades had major problems with sclf-assessment. More than half of the
mean scores were significantly different. A similar pattern occurs in textile and apparel
engineering. Although in this course the differences between levels of students do not
appear at the peer assessment moment, the results of the self-assessment moment indi-
cate more difficultics for students with lower grades, With hardly any support of stu-
dents in their first-vear engineering courses, many of them demonstrated the capacity
of accurate grading of peers and themselves. A study of the effect of better guidance of
weaker students could give valuable information about how to improve the peer and
sclf-assessment method and how to make them benefit as well from the advantages
of these forms of assessment.
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