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Abstract

There is an increasing interest in peer and self-assessment (P&SA) in science education due its importance
in students’ performance in collaborative work and in the development of their metacognitive skills. We
developed and tested an algorithm to help teachers organize the P&SA process. Collected data relative to
the 8th and 11th grades were analyzed to examine the viability of this algorithm and to determine the degree
of agreement between a student’s self-assessment and that of his/her peers. We found no significant
differences between peer and self-assessment, which means that students have a fair perception of their
contribution to the team. The data also suggest that the maturity of the students can be an important variable
in the self-regulation learning and in metacognitive skills acquisition, since the correlation between self and
peer assessment was more robust in the 11th grade.
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Introduction

As the emphasis in education is moving towards developing student-centered curricula, interest
is growing in the use of self and peer assessment. In a collaborative learning scenario, assessment
is a fundamental part of the learning process, since the manner in which students approach their
learning is highly conditioned by the way they are assessed and by their social interactions
(Michaelsen et al., 2008; November, 2012). In this sense, peer and self-assessment (P&SA) play
an important role in achieving an active learning environment in a collaborative setting, providing
a formative and summative data (Topping, 2009) to both instructor and student.

Regarding formative assessment, P&SA creates the opportunity to receive prompt feedback
about students’ performance since they can observe and learn how peers address the same
problem during their work (Topping, 1998). In other words, they learn from the cognitive
processes of their peers (Mazur, 1997). This fosters improvement in their performance, individual
accountability, problem solving and team skills over time. Peer evaluation scores are also
important in summative assessment, allowing teachers to ensure fairness in the grading process
according to each member’s contributions (Falchikov & Goldfinch, 2000; Topping., Smith,
Swanson, & Elliot, 2000).

In addition, P&SA is helpful in gaging individual contributions to a group task and is essential to
motivate each student’s performance, promote professionalism, develop self-monitoring and
self-regulation, and mitigate free riders in team activities (Conway, Kember, Sivan & Wu, 1993;
Brooks & Ammons, 2003). Getting students to assess each other and themselves encourages
them to take required to reflect on their knowledge, their strengths and their weaknesses, and
compare them with their peers, they learn to target their learning accordingly and, in the process,
develop important metacognitive skill.

Social team interactions, cognitive cohesion, team productivity, are also enhanced by P&SA,
preparing students for the future. In the real world, individuals who do not pull their weight on
teams eventually suffer consequences far worse than low grades (Kaufman, Felder & Fuller,

2000).

Despite these advantages, students often voice objections to P&SA. Many have a pessimistic idea
of teamwork, probably based on their experience with previous groups that functioned poorly
together (Brooks & Ammons, 2003). The free-rider problem, also known as social loafing, is the
focus of many complaints voiced by students regarding unsatisfactory teamwork experiences.
When one or more members of a group fail to do their fair share of the work or are unable
discuss at an adequate level, they disconnect from the group. According to Freeman and
McKenzie (Freeman & McKenzie, 2002), students consider group work assessment as inequitable
if there is equal reward for unequal contributions. These negative experiences can lead to students
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experiencing discontent and dissatisfaction with group work (Wilson, 2013). As a result, the
positive outcomes that P&SA can bring, such as critical thinking, communication skills
improvement, self-learning, increased understanding of subject matter, and respect for others,
fail to be recognized by the students. On the plus side, students tend to appreciate the fairness of
P&SA and the lack of instructor input in the P&SA process (Kaufman & Schunn, 2011).

which they see as a hindrance for a constructive peer feedback process Nevertheless, there seem
to be a majority view that allowing students to grade offers logistical, pedagogical, metacognitive
and affective advantages over teaching assessment (Sadler & Good, 2000).

The challenge for educators is to develop new strategies of self and peer assessment which
promote student participation and satisfaction with group work, in other words, assessment
schemes’ that are recognized and accepted by students as ensuring fairness in group work
assessment.

An examination of the literature indicates a big range of different methods to conduct peer
evaluations and, therefore, some different findings, but it seems that learners who accepted this
process believed that the quality of their work improved as a result of the peer assessment, in
spite of a possible socio-emotional discomfort (Michaelsen et al., 2008; Topping et al., 2000). The
correlation between students’ assessment grades (self and peer) and teacher assessment has been
inconclusive. For instance, Sadler and Good (Sadler and Good, 2006) found that when grading
themselves, lower performing students tended to inflate their own low scores. However, many
studies show a significant correlation between peer and self-assessment scores (Alias et al., 2015;
Mehrdad, et al. 2012). On the other hand, some international studies found that a well-organized
and systematic P&SA can provide reliability and validity of the assessment process (Falchikov,
20005 Sande & Llorent, 2014).

Some peer and self-assessment schemes have been reported in the literature (Chen and Lou,
2004), all wrapping an organized system where students rate their own and peers’ contributions
and the average ratings are consequently used to moderate team marks to reflect individual
differences. The schemes differ from each other and emphasize different goals. However, in
almost all of them a mathematical formula is used to calculate mark-weighting factors.

The purpose of this paper is to report on an action research approach to the development and
evaluation of a self and peer assessment strategy, based on an algorithm, which was designed to
promote student participation in a student-centered curriculum and enhance fairness in group
work assessment. This grading system ensures individual student accountability to both the
teacher and peers since it has peer evaluation component and a team performance component.

The Algorithm

Evaluation in group tasks require fair grading systems that not reward and encourage social
loafing. Thus, is important to develop an individual score, after the group grade, focused on not
unfairly penalizing hard-working students (who may have a lower grade because they were
randomly assigned to a weak performing group) and not benefiting the weak students (who may
be carried along by members with high conceptual and team skills).

There are several desirable requirements to guide the development of the algorithm:

(a) Student's assessment should combine with the teacher's assessment of the group work, in such
a way that their grades are constrained to an interval around the group grade awarded by the
teacher;

(b) The teacher controls the range of variation of the student’s grades around the group grade;
(c) Students' assessment should not be allowed to inflate the grades of all members of the group;
it should discriminate the different contributions of each member to the group work.

We developed a procedure to help teachers organize the P&SA process and their students with
self and peer monitoring, respecting these principles. Each student is required to complete a
form assessing his/her own contribution and those of their team members to the effectiveness
of their team, by awarding a grade to each of the team members (including his/herself).

Each score ranges from - 1.0 (deficient) to + 1.0 (exceptional), when compared with the other
team members. The sum of all relative contributions (self and peer) must be zero. Thus, each
student can choose -1.0, -0.9, - 0.8, ... 0... + 0.7, 0.8, 0.9, 1.0. The highest score that each student
can have is n (the number of elements of the group) and the minimum grade is - n. These scores
are normalized by the total number of the group members and each student has a score between
- 1.0 and + 1.0. Because each student is required to award grades with zero sum, the average of
the scores of the members of a group is zero.

In accordance with requirement (b) above, the teacher decides the value § that determines the
maximum variation with respect to the average group score (GS). In Portuguese middle schools,
the score can range from 0 to 100%. In the high schools, the score ranges from 0 to 20 points.
Thus, in the middle school, 3 = 20% means that each student’s score can fluctuate £ 20% of
group score. In the high schools, 8 = 2 means a fluctuation among * 2 points.

The students’ final grade (FG) is calculated as:
FG=GS+APA X (1)
FG - Student’s final Grade (0-20 or 0-100%)
GS - Group Score
APA- Average of the Peer + Self-Assessment
B - Factor determining the variation with respect to the average group score.
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Since APA averages zero among the members of a group, the average of FG in a group is equal
to GS, thus ensuring requirement (c) above.

Let’s give an example: Peter, Paul and Mary are high school students and belong to the same
group. Table 1 shows the self/peer-assessment and the final grade of each student. The group
score in the task, assessed by the instructor, was 16/20 and the teacher decided that the FG (each
student final grade) could fluctuate * 3 points.

As we can see in Table 1, the average of students' grades in the group equals the group score.
(17.5+13.5+17.0)/3 =16.0. The algorithm is flexible enough to adapt to different school levels
and different collaborative assignments. It accommodates instructor specification of the weight
of P&SA in the student’s final grade in the choice of the B parameter.

Table 1. Student’s final grade calculation

Evaluated
Evaluator GS X Peter  Paul Mary
Peter 0 -1.0 1.0
Paul 16 3 1 -0.5 -0.5
Mary 0.5 -1.0 0.5
APA 0.50  -0.83 0.33
FG 17.5 13.5 17.0

Methodology

This model was implemented in Portugal, in five middle and high school classes. Once a week,
students performed a lab class working in teams, through the Lab Stations Model (Mota and
Lopes dos Santos, 2013). The class was divided into foutr/five completely independent
expetiment stations, each with different apparatuses/matetials. Students traveled from station to
station and, in addition to conducting experimental activities, they answered conceptual and
quantitative questions on a worksheet. All the stations lasted the same time to allow an orderly
rotation.

As students work, the instructor goes round and monitors their work, looking at what is being
discussed and having a quiet discussion if any group seems to be stuck. Each worksheet is
assessed by the teacher and has a score (GS) common to all the team members. The students
worked on the same team during 3 months. After this petiod, students completed a self/peer
assessment and a reflection form. In addition to P&SA, the reflection form also included some
questions related to the team performance:

e Q1: What went well in the team?

e Q2: What were the main problems of the team?

® (Q3: Please select the best option that characterizes your team’s performance during this term:

My team was amazing.

My team worked well.

My team worked satisfactorily.

My team didn’t work satisfactorily.
My team was a disaster.

e Q4: In the next term, do you want to belong to the same team?

Ninety-eight students were involved in this study; 49 from 8th grade and 49 from 11th grade. All
of the students belong to the same school, distributed in five classes, as we can see in Table 2.
The instructor, without any specific criteria, randomly chose the team members. Each team
usually had three or four members.

Table 2. Distribution of students (by grade and class)

Class
A B D E Total
Level 8th 12 25 12 49
11th 22 27 49
Total 98

Results and Discussion

Team performance

In the reflection form, students had four questions about their team. Q1 and Q2 are open-ended
answers and were analyzed only by the instructors to assess their work and the team’s
performance. In this paper we only discuss the multiple-choice question Q3 and the closed-ended
question Q4.

Students showed satisfaction with their teams since 82% of the students in 8th grade and 86% of
the students in 11th grade wanted to work again with their teammates in the next term (Q4). This
opinion was corroborated with their answers about their team. In a scale from 1, meaning
amazing, to 5, meaning a disaster, students had to select how they evaluate the effectiveness of
their team. As we can see in Figure 1, students think that the teams worked satisfactorily/well.
In fact, 9.2% of the students considered that their team was a success, 48.0% of the students
considered that their team worked well and 35.7% worked satisfactorily. We see no statistical
difference among grade and gender. The results were very close. Both groups seem to experience
the same (good) feelings about their work through this model.
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8th grade 11th grade Table 3. Paired t-test
157 Self-assessment Peer-assessment
Level Mean Standard Mean Standard p-value
Deviation Deviation
10+ 8th 0.0224 0.13270 -0.0163 0.19639 0.273
gJ 11th 0.0224 0.19177 0.0010 0.18888 0.479
<
@ In the 11th grade there appears to be a correlation between each student’s self-assessment and
_
s that of his/her peers (see Table 4). In the 8th grade, however, the self-score that not appeat to
Py be correlated with the score given by the teammates. We thus find better agreement between self
S FCP'I and peer perception of each student’s role in the group with older students.
5 =D 0 ¢
o .
o 157 % Table 4. Pearson correlation
T Py
- Level Pearson Correlation Coefficient  p-value
8th 0.093 0.525
10 11th 0.390* 0.006
o @ *Correlation is significant at the 0.01 level
15 a
5 Conclusion
Accuracy of self-assessment is often under suspicion. After all, the student has a vested interest
in having a positive evaluation and that is sufficient reason for a bias in his/her own assessment.
2
g T This study, however, found no significant differences between self and peer assessment, in other

o
=

Figure 1: Team'’s effectiveness; (1) My team was amazing; (2) My team worked well; (3) My team
worked satisfactorily; (4) My team didn't work satisfactorily; (5) My team was a disaster.

Self and peer Assessment mathematical model

Descriptive (mean and standard deviation) and inferential statistics (paired t-test and Pearson
Correlation Coefficient) were used to analyze the data. To compare the results of evaluations (self
and peer), and to show correlation of the scores, paired t-test, and Pearson Correlation
Coefficient were used, respectively. SPSS software (version 17) was used for data analysis.

To investigate the possibility of a bias between a student’s self score and the score of his/her
teammates, we looked for a difference between the means of the self and peer assessment.
Although the means of self-assessment are slightly higher than those of peer assessment the
difference is not statistically significant as shown in Table 3. Non-parametric tests were also
conducted (Wilcoxon Signed Rank-test) and the conclusions were quite similar (p-value = 0.7 in
both levels).

words, no evidence of the bias alluded above. We can conclude, therefore that the algorithm
presented, that takes into account both types of assessment, is a good measure of the contribution
of each teammate.

Still, our results show that the maturity of the students can be an important variable in the self-
regulation learning and in the metacognitive skills, since the accuracy of the students’ assessment
was better in the 11th grade. These results are in line with the literature (Alias et al., 2015;
Mehrdad, et al. 2012) in spite of the controversial results in international studies about this topic.
We believe that the (long) time that each team worked together (3 months) was important to
assess fairly each team mate and know better the role of each one.

We will use the results of this study to expand this algorithm to other collaborative learning
environments and design future studies with larger sample sizes. On the other hand, it will be
interesting to analyze if the difference between P&SA will decrease during the year. The benefits
of collaborative learning and P&SA are widely recognized in academic literature. Group work
can be used to encourage deeper learning, promote meta-cognitive skills improvement and
student autonomy by transferring some of the responsibility for teaching and learning to students.
In this sense, we suggest that even if we do not employ the results of P&SA in the student’s final
score, in order to increase precision and responsibility in students in the group work and to
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expand critical thinking, communication skills improvement, self-learning and respect to others,
self and peer-evaluation must to be considered as systematic activities, from early ages.
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