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Abstract—In this study we present our developed formative
assessment tool for students' assignments. The tool enables lecturers
to define assignments for the course and assign each problem in each
assignment a list of criteria and weights by which the students' work
is evaluated. During assessment, the lecturers feed the scores for each
criterion with justifications. When the scores of the current
assignment are completely fed in, the tool automatically generates
reports for both students and lecturers. The students receive a report
by email including detailed description of their assessed work, their
relative score and their progress across the criteria along the course
timeline. This information is presented via charts generated
automatically by the tool based on the scores fed in. The lecturers
receive a report that includes summative (e.g., averages, standard
deviations) and detailed (e.g., histogram) data of the current
assignment. This information enables the lecturers to follow the class
achievements and adjust the learning process accordingly. The tool
was examined on two pilot groups of college students that study a
course in (1) Object-Oriented Programming (2) Plane Geometry.
Results reveal that most of the students were satisfied with the
assessment process and the reports produced by the tool. The
lecturers who used the tool were also satisfied with the reports and
their contribution to the learning process.

Keywords—Computer-based formative assessment tool, science
education.

1. INTRODUCTION

OMEWORK assignments are often given to assist
students with the assimilation of theoretical knowledge
and in some domains the development of practical skills. To
make the learning process more effective, a significant
feedback should be provided to the students on their handed
assignments. Formative assessment is considered to be useful
for this purpose especially for domains in which practical
skills should be developed and shaped. For instance, when
studying mathematics or computer programming one needs to
be engaged in the solving of many problems in order to
develop problem solving skills. Moreover, in certain domains,
there are guidelines regarding the quality of the provided
solution. In addition to their correctness, solutions to problems
in plane geometry requires one to provide a clear sketch,
justifications for each claim, accurate references to known
theorems and coherent arrangement of claims.
Solutions to computer programming problems should be
modular, efficient, clear, validated and accurate [5]. Students
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who studied courses in such knowledge domains must shape
their ability to handle problems in all aspects involved.

Formative assessment can contribute significantly to the
student learning process. It helps students become more aware
of any gaps that exist between their desired and their current
knowledge and encourages them to narrow these gaps during
the semester before the final exam takes place. Meaningful
learning process requires a feedback that is comprehensive,
detailed, clear, continual, individual and summative. The
students should grasp their learning situation by the ability to
identify their strengths and weaknesses. By receiving proper
feedback both on correct and faulty solutions the students can
adjust their efforts to gain overall improvement. By tracking
their achievements along the course timeline the students can
better diagnose their progress and understand their learning
status. Teachers on the other hand can track the performances
of individual students in order to guide and assist them to
improve their achievements, and can follow the class
understanding using the summative data and rehearse issues
that students struggle with and solve problems that many
students failed to address.

An international study of computer science academics
conducted by Carter et al. [6] reveals that 74% of respondents
assess programming assignments submitted by their students
merely for their correctness. Most educators examine and
grade the students' assignment manually, but many prefer
automatic tools to ease the efforts required for this task in
large courses. The most common technique to test the
correctness of the provided solution is to execute it on
predefined data and inspect the output compared with the
expected results. There are many such automatic tools [9] in
use (e.g., Online Judge [7], CourseMarker [11], BOSS [15],
Assyst [16], HoGG [20]). Ala-Mutka [1] describes the
methods and techniques used by automated assessment tools
and shows how they are generally used. In addition to
correctness, some assessment tools analyze program
efficiency, coding style and the existence of inline
documentation. The use of automatic testing process forces
students to be very accurate in order to gain maximal score.
However, automatic tools cannot examine whether a variable
name is meaningful or if the program constituents were
properly designed. It focuses mainly on the correctness of the
solutions and neglects other important properties. Moreover,
the students conclude that the only factor that counts is the
correctness, and hence focus their attention achieving this goal
at the expense of other properties. Howles [13] discovered
from a local student survey that only 5% of the responding
students invest time and efforts to design their work before
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coding and only 39% test their code statically. Majority of the
students tested their code dynamically (e.g., unit testing) only
sometimes or never.

Mathematical lecturers rarely have opportunities to engage
in assessment design [24]. According to Aksu [2], lecturers
have negative attitudes towards the idea of using alternative
assessment techniques such as formative, peer or self-
assessment because of their traditional thoughts and fixations.
Implementing formative assessment effectively requires
lecturers to reconceptualize their role as teachers, the roles of
students and their interactions with students [4]. Moreover, in
most cases students are not a priory informed on the criteria by
which their work is going to be assessed that could impair
their learning effectiveness. The lecturers' avoidance from
engaging in innovative assessment tools originates in their
complex nature. Since the assessment process consists of
several phases that have to be planned and designed by the
lecturer, we believe that providing lecturers with a structured
assessment tool that will serve as scaffold for the various
stages of the assessment process may encourage them to
incorporate formative assessment technique in their practice.

In this paper we suggest a novice assessment tool that can
support the learning process in science courses, supporting and
enhancing the various stages of the assessment process
including designing the list of tasks for the students; setting
criteria set for each task; assessing and commenting on each
problem across the various criteria selected and receiving
individual and summative reports regarding the class progress
along the course timeline. The students can benefit from the
suggested tool by receiving the criteria a priory; receiving
detailed assessment of their learning progress; explore their
relative achievements; and track their progress across the
various assessment criteria. To address both the teachers' need
for a constructive assessment tool and students' need for
meaningful feedback on their assignments, the aim of this
study is to examine both the teacher's and the students'
impressions of the suggested assessment tool. For that matter,
the tool is tested nowadays on two pilot groups of students'
college studying (1) 'object-oriented programming'; (2) 'Plane
geometry'. In both courses the students are required to hand
assignments that were assessed via the developed tool. In this
paper, we present preliminary results obtained from both pilot
groups and their teaching staff.

II. THEORETICAL BACKGROUND

In this section we present a brief theoretical background
regarding assessment in higher education and formative
assessment.

A. Assessment in Higher Education

The relationship between assessment practices and the
overall quality of teaching and learning is often
underestimated, yet assessment requirements and the clarity of
assessment criteria and standards, significantly influence the
effectiveness of student learning [10]. Carefully designed
assessment guidelines directly influence the ways in which
students approach their studies, and therefore contribute

indirectly, but effectively, to the quality of their learning. For
most students, assessment requirements literally reflect the
curriculum. Assessment is therefore a powerful strategic tool
for educators to clarify which kinds of learning will be
rewarded and to guide students into effective approaches to
study.

Achieving a higher level of students' self-directedness in
learning, and enhancing students' development of learning
autonomy [ 18], are among the motivations for having student-
based assessments. According to James et al. [14], the
examination of student learning supports three objectives for
quality in student assessment in higher education: (1)
assessment that guides and supports effective approaches to
learning; (2) assessment that validly and reliably measures
expected learning outcomes, in particular the higher-order
learning that characterizes higher education; (3) assessment
and grading that defines and protects academic standards.

Assessment is treated by educators and students as an
integral and important component of the teaching and learning
process rather than as a final add-on [18]. The powerful
motivating effect of assessment requirements on students is
understood and assessment tasks are designed to encourage
valued study habits. There is a clear connection between
expected learning outcomes, what is taught and learned, and
the knowledge and skills assessed. Assessment tasks evaluate
student's abilities to analyze and synthesize new information
and concepts rather than simply remember information
previously presented [23]. A variety of assessment methods is
employed so that the limitation of any one particular technique
is minimized. Assessment tasks are designed to appraise
relevant generic skills as well as subject-specific knowledge
and expertise. There is a steady development in the
complexity and demands of assessment requirements in more
advanced courses. Assessment tasks are weighted to balance
developmental (‘formative’) and judgmental (‘summative’)
evaluative functions. Grades are calculated and reported on the
basis of clearly articulated learning outcomes and criteria for
levels of achievement. Students receive descriptive and
diagnostic feedback, as well as numerical grades.

Students study more effectively when they know what is
expected of them. They appreciate and expect transparency in
the way their knowledge acquisition will be judged. They wish
to see a clear relationship between lectures, tutorials, practical
classes, and subject resources, and the knowledge they are
expected to demonstrate. They also wish to understand how
grades are determined and expect feedback that not only
explains the grade received, but that rewards achievement
appropriately. In addition they look for suggestions that enable
them to improve themselves as learners.

Capturing the full educational benefits of a well-designed
assessment requires that many of the conventional
assumptions about assessment in higher education be
reconsidered. For the academic staff, assessment is often a
final consideration in the planning of their curricula. This is
not to imply that staff underestimates or undervalues the role
or importance of assessment, but assessment is often
considered only after other curricular decisions have been
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made. The primary concerns of academic staff are often with
designing learning outcomes and planning teaching and
learning activities that will produce these outcomes. In
contrast, students often work ‘backwards’ through the
curriculum, focusing first and foremost on how they will be
assessed and what they will be required to demonstrate they
have learned [18].

Assessment tasks are weighted to balance developmental
(‘formative’) and judgmental (‘summative’) evaluative
functions. An elaboration on formative assessment - the
assessment method which we employed in the present study -
follows.

B. Formative Assessment

Formative assessment (FA) is considers to be one of the
effective assessment techniques since it helps students become
more aware of any gaps that exist between their desired and
their current knowledge. FA concerns with a range of formal
and informal assessment procedures employed by teachers
during the learning process in order to modify teaching and
learning activities to improve student attainment [8]. FA
involves the setting of learning goals and the assessment of
students' fulfillment of these goals. Effective feedback on
students' assignments provides specific comments about errors
and specific suggestions for improvement and encourages
students to focus their attention thoughtfully on the task rather
than on simply getting the right answer [3].

One of the assessment methods used in evaluating teaching
and learning outcomes is Formative Assessment (FA). One of
its main characteristic is to enhance the evaluation processes
through continual assessment. An evaluation of one stage, for
example, takes into consideration the previous stage and as a
result improves its performance. FA assignments provide both
teachers and students with feedback which might prompt
revisions in the way teachers teach and students learn. FA
necessitates constant follow-up and as a result the teacher is
regularly informed regarding the students’ progress or
difficulties and can adjust his/her teaching accordingly.
Through FA the teacher can know whether what has been
taught has been learned. It allows teachers to reflect on their
practice and to make incremental changes that improve that
practice in powerful ways. William and Thompson [26]
suggest five strategies for establishing effective FA: (1)
understanding, cooperation, and perception of the learning
aims and setting criteria for success with students. Wiggins
and McTighe [25] support a two-step process in which the
learning aims are clarified and then clear criteria for success
are set (considered 'understanding'); (2) using effective class
discussions, tasks, and activities which reflect the course of
reaching the learning aims; (3) providing the students with
feedback which can promote the learning process. This
feedback should include verbal recommendations [21], or
encourage the students to reflect on their own learning
processes [12], or discuss ideas with classmates; (4)
encouraging the students to take responsibility for their
learning processes; (5) cooperative work. Slavin et al. [22]
showed that students mutually operating as learning resources

benefited more when it came to understanding the learned
topics. However they said that two conditions must be
fulfilled: the learning environment must provide the learners
with group aims, and each learner needs to have a sense of
personal accountability toward his group. In fact, the
assessment method which we employed in the present study
took into account these five strategies. We will broadly refer
to them later.

Being aware of the advantages of formative assessment, we
developed a computer-based tool to enhance the assessment
process for both teachers and students. Teachers are able to
plan assignments and criteria according to which their
students' assignments will be assessed, feed in their
assessments in a standard way that relates to each criterion
explicitly, and track students' achievements through individual
and summative reports. Students are notified in advance on the
criteria that will be used to assess their assignments and
receive accumulated feedback represented visually and
literally of all the assignments they hand along the course.

III. THE STUDY

In this section we provide a detailed description of our
suggested assessment tool and its use followed by a
description of the pilot study done to evaluate the tool.

A. The Assessment Tool

The architecture of the suggested tool is based on Microsoft
Excel, where its entire logic is developed, using Visual Basic
for Application (VBA) to provide all its functionality. This
environment was chosen since it is part of the Microsoft office
suit and is available everywhere with no special installation
needed. The tool was designed and constructed based on our
educational perceptions. We believe that assessment process
should meet several conditions: (1) the students should be
notified on the criteria list by which their assignments will be
evaluated in advance. This way they can adjust their learning
accordingly [19]; (2) the evaluation process should reflect the
students' progress across each assessment criterion along the
course timeline, so that they can focus their efforts in issues
they encounter difficulties; (3) the evaluation process should
demonstrate the student's relative position with comparison to
the whole class achievements. This information might help the
student to better grasp his learning situation; (4) evaluation via
the tool encourage the teaching staff to assess the students'
assignments systematically and efficiently. The standard
format of the assessment process avoids differences between
the provided assessments especially when more than one
assessor is involved; (5) the provided assessment should be
clear and concise. Therefore, the tool should provide both
textual and visual feedback of each assessment criterion.

Fig. 1 presents the menu of the assessment tool that enables
the teacher to select the desired operation.

In what follows we present a sequence of steps
demonstrating the tool's operations.
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Course Details
Tasks Details
Criteria Details

Tasks/Criteria Matrix

Process & Report

View Class Statistics

View Student's Sheet

Fig. 1 Menu

Step 1: Setting the course details including the course staff

Code should be effectively organized into classes and classes
are organized into class hierarchies addressing problem

RAeCtianity specifications. Each class represents a single concept and
has all the necessary attributes and methods.
Method design Each method should be relatively short and perform a single

task or a small number of highly related tasks.

Code should include meaningfull names for classes, variables
Code Readability |and methods. Layout should include indentation and wrapping
of long lines. Inline documentation should be added.

The program does what it is expected to do according to the
problem specifications. It runs smoothly without failures.

Correct solution

Test program should be associated including high percentage

Code coverage
of code coverage

Fig. 4 Criteria set

(Title, teacher name, e-mail address) and the students' details Problem ), , iarity [Vethod  [Code  [Comect Code
- . . no. design readability |solution coverage [Total
(student no.,student_name, e-mail address). Fig. 2 presents an 1 70| 20 70 50 100
example of the course sheet. 2 2 i 0 o0 00
3 15 15 15 45 10 100
Students Problem . Method Code Correct Code
no. ] design readability [solution coverage |Total
Id Last name First name Email 1 30 10 10 30 10| 100
111|Lovelace Ada (Byron) [ada@gmail.com 2 25 10 20 40 5 100
- 3 25 15 10 40 10 100]
222| Babbage Charles charles@gmail.com 7 10 0 100
Course Staff Fig. 5 Relative weights to criteria
Title Last name First name Email
Dr. Jackyll Henry henry@gmail.com Step 5: Task assessment according to criteria — after
Mr. Hyde Edward edward@gmail.com | examination of the students' tasks by the teaching staff, the
Miss Piggy Lee piggy@gmail.com

Fig. 2 Course details

Step 2: Setting the tasks details. The teaching staff has to
enter the list of the tasks planned for this course and their
relative weight, and the number of problem in each task. Fig. 3
presents the tasks planned for the pilot group.

1 intro to Java program, basic program syntax 3 10
2 algorithmics, conditions, loops 4 10
3 first class & object, simple meethods 4 10
4 constructors, advanced methods 5 15
5 class inheritance, polymorphism 4 20
6 abstract methods & classes, interface classes 4 20
7 Exceptions, files 3 15

Fig. 3 Planned tasks

Step 3: Setting criteria list to be used for the assessment of
the various tasks. It should be noted that not all the criteria
have to be used in each task. Fig. 4 presents the criteria
according to which the tasks of the pilot group were assessed.

Step 4: Setting the task/criteria matrix. The teacher assigns
relative weights to criteria for each problem in each task. Fig.
5 presents the criteria and relative weights of the first task
given to the pilot group.

scores are entered to the suitable sheet and justifications to
each score is provided. Fig. 6 presents a partial assessment of
one of the problems in a task given to the pilot group.

Step 6: Processing task data and generating reports for the
students — after all scores and justifications for the problems of
the current task are entered, the data are automatically
processed and the tool generates reports for both students
(personal report) and teaching staff (summative report). All
the reports are sent automatically by mail, according to the
personal details of the students and teaching staff (Fig. 2).

Student report. The report includes detailed assessment of
the current task, literal and graphical description. Figs. 7 and 8
present the literal and the graphical assessment reports of one
student from the pilot group. In addition, the report includes
charts presenting the student's progress across the various
tasks in each criterion and the student' relative position in class
in each task. Figs. 9 and 10 present the progress and the
relative position of one student from the pilot group.

Teaching staff report: The report includes summative
assessment of the current task. Fig. 11 presents the averages
and standard deviations of all tasks' scores (including the last
one). Fig. 12 presents score distribution of the current task, in
each criterion. Fig. 13 presents the average data within a graph
showing the progress of the class as a whole from one task to
the next.
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Modularity

Comments

Class Dog should be extracted from

2] class Animal.
Method
design Comments
Constructor of Anumal is too long. It
12 should call set methods instead of
initializing the attribute itself
Code
readability |Comments
methods' parameters are not
7 documneted. Methods' names must
not start with a capital letter.
Correct
solution Comments
40 very good!
Code
coverage |Comments
8 A test with a Cat is missing

Fig. 6 An assessment example

Class Task Grades - Task 3

80 &

oD oo = 0
o)
=]

0 T T T T T T T T T T T )

1 2 3 4 5 6 7 8 9 10 11 12 13
Student no.

Plesae note: the Red grade is yours!

Averages

Task No. [Correct Modularity |Readability|Coverage |Total

t1 76 67| 45 35 66
t2 80 55 7 50, 70
t3 84 72 85 58, 79
t4 86 78 89 70 72
t5 80 85 95 82 83
STDs

Task No. |Correct Modularity [Readability|Coverage |Total

t1 25 21 16 24 22
t2 24 22, 21 16 20
t3 19 13 17 19 17
t4 18 15 9 14 15
t5 10 12 9 10 11

Fig. 7 Student's feedback on a problem

Fig. 8 Student's graphical report on a task

Fig. 9 Student's progress along selected criteria

Mothod docign

7\
X

Drohiom 4 20 40 20 &5 95

Moddlarity : Class Dog shou ¢ implement Carnivorce interface ;
Method des'gr: Animal.eat() is too long, Dog.2at() does 1ot
call super.eat(}; Code Rezcability: quite good, but classes

s would start with a capital etter Code coverage: tests for Cat

and Uog are missing]

Fig. 11 Summative report

- 2z
W loverage |

Task 5 Distribution
n
3
&
miomet 7
1
B Modularty 5 u
4
3eazbilty 3 l ' IJ J
sl 1 ] | |

mTctal

DA 019 20.79 30-39 40.29 AN-5Q AC-RA 7079 RND-A8 40100

Fig. 12 Score distribution per criteria
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Fig. 13 Score Averages along the tasks

B. The Pilot

The assessment tool was examined on two pilot groups of
college students learning in the following courses' Object-
Oriented Programming' and 'Plane Geometry'. The teaching
staff of the object oriented programming course included a
lecturer and two teaching assistants and the plane geometry
course had only a lecturer with no teaching assistants.

One pilot group included first year included first year 45
college students studying towards B.A. degree in management
information systems. The second pilot group 26 students
studying towards B.A. degree in mathematics education. We
used the tool in both courses.

In the first course the students learn the principles and
constituents of object oriented, namely classes, methods, class
inheritance, polymorphism, method override, abstract
methods, abstract classes, interface class, exception
mechanism and graphical user interfaces. The main focus of
the course was on using these principles to provide modular,
clear and qualitative software solutions to given problems. The
course lecturer and his teaching assistant planned seven
homework assignments each aimed to practice different
issues. The lecturer defined five criteria by which the students'
work will be assessed and assign weights to these criteria for
each problem in each task. The criteria list comprised of the
following: correctness, modularity, method design, readability
and code coverage (e.g., testing).

In the second course the students learn the issues related to
plane geometry including triangles and their attributes, special
triangles, congruent theorems and triangle similarity. During
the course the student had to provide formal proofs to
geometry problems addressing roles and meaning of
mathematical proofs such as correctness, communication,
systematization and so forth. The course lecturer planned four
homework assignments each aimed to practice different
issues. The lecturer defined five criteria by which the students'
work will be assessed and assign weights to these criteria for
each problem in each task. The criteria list comprised of the
following: correctness, clear sketch, justification, accurate
reference to known theorems and systematization.

In both courses the criteria and their assigned weights were
published to the students in advance. The teaching staff used
the tool to feed in scores and feedbacks and generated the
reports which were distributed automatically to the students
via email.

IV.RESULTS AND DISCUSSION

In this section we provide an analysis of the teaching staff
and students reflections on the assessment tool used during the
course.

A. Teaching Staff Perception

Analysis of the responses of the teaching staff to the
question "describe your experience with the assessment tool",
revealed the following issues: The extent to which the lecturer
is involved in his students' learning situation; Facilitating the
process of setting criteria for the assessment process in
advance; Receiving a detailed picture of the current learning
situation of each and every student; working with the
assessment tool.

1. Degree of Involvement in the Students' Learning
Situation

"I found that the individual report that the tool generates for
each student is very useful. When a student comes during
reception hours I can take a look at his report and guide him
effectively".

"I sometimes open individual student's report to track her
progress. It helps me to better understand the students and
their difficulties.”

According to the above excerpts we can learn that the
lecturers of the two pilot groups found the assessment tool to
be useful as regards to their easy access to the learning
situation of their students. This information helped them to
better monitor their instruction in order to address students'
difficulties.

2. Setting Criteria for the Assessment Process

"Before using the tool, I didn't plan the homework assignments
in advanced and I didn't set criteria at all. I mainly focused on
correctness and when I noticed problems concerning other
aspects like readability and modularity I wrote few comments
and maybe reduced 1 or 2 points for that".

"With the assessment tool I invested some thinking on the
criteria and assigned them significant weights. I must say that
the quality of the solutions improved significantly during the
semester, and I think that the improvement can be attributed
mainly to the fact that the students knew the criteria in
advance and adjust their efforts accordingly".

"I adjusted the weights of the criteria from one assignment to
the next. For instance, when I noticed that after 3 assignments
most of students learned to provide a clear sketch of the
problem, in the 4th assignment I reduced the weight of this
criterion and shifted the leftover to other criteria".

In the above excerpts the teachers of the two pilot groups
refer to activities they avoided before using the assessment
tool such as planning in advance the course assignments,
setting criteria set and relative weights for their assessment,
saying that their investment in planning the courses'
assignments and acknowledging the students in advance
regarding the criteria set by which their assignments will be
assessed, significantly improved the quality of the students'
work. The ability to view the criteria set and weights and the
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students' progress in each criterion enables teachers to achieve
their educational goals by adjusting the relative weight of the
criteria according to the students' strengths and weaknesses.

3. Tracking the Learning Situation of the Class

"When I saw that many students failed to provide good
solution to a certain problem, I solve the problem in class and
emphasize the aspects that were not addressed properly".

"The graph that presents the class progress helped me
tracking the 'average understanding' of the class and influence
the time I spend on each of the taught issue”.

"The histogram that presents the score distribution of the
assignment across the various criteria provide me an
immediate feedback concerning the class”.

In the above excerpts the teachers refer to the advantages
encompassed in the graphical abilities of the assessment tool
asserting that these abilities helped them to be more alert as to
their students' learning situation.

4. Working with the Assessment Tool

"I found the excel-based tool to be very convenient to use.
Everyone knows excel and therefore it was a good choice.
Scores and comments are fed into excel cells, and graphs are
generated based on these data".

"The task's sheet is very easy to use. Almost everything is done
automatically including the creation of the problems-criteria
matrix, the task's sheet, and the reports. I just needed to feed
the scores in and the tool provided the rest".

In the above excerpts refer to the assessment tool's
accessibility which is excel based. The fact that excel is part of
the office suite enables easy installation and convenient
operation of the assessment tool.

B. Students' Perception

Analysis of the students' responses to the question "describe
your experience with the assessment tool", revealed the
following issues: reference to the tool's constituents and
reference to the assessment process.

1. The Tool's Constituents

Many of the students made statements similar to the
following:
"This is the first time that the feedback refers to all criteria
explicitly for each problem! Each score reduction is justified. I
feel that my work was reviewed thoroughly and with full
attention".
"I usually forget the grades I receive in my homework
assignments, and forget easily the reasons for loosing score.
But this time I could easily remember all the scores and all the
reductions, since they were included in each report".
"The combination of literal and visual feedback is perfect for
me. I watch the graphs to examine my scores and read the
comments to understand the score reductions".
"The graph that presents the relative score compared to the
rest of the class is most useful to me. I'm very curious about
my relative achievements and find it more important than the
absolute grade. The higher my relative scores the higher my
satisfaction regardless the absolute value".

"The graphs that present the progress along the course tasks
provided me a great way to track my achievement and to
identify my weak areas. I immediately found these weak points
in the graphs and could focus my efforts to improve my
understanding of these issues".

Most of the students referred to the graphical presentation
of the feedback assessment according to the categories saying
that it helped them to monitor their efforts to the categories in
which they encountered difficulties. Moreover, they pointed
out the advantage of receiving all the grades accumulated
along the course timeline so that they could track their
learning situation.

In the traditional assessment process usually the feedback
students receive on their homework includes summative grade
for all the included problems and few justifications to explain
the grade reductions. In such assessment process it is difficult
for the students to figure out what are the specific issues in
which they have difficulties. The suggested tool enables the
student to follow each criterion in each problem within a
certain task along the various homework assignments during
the course timeline. The different forms in which the students'
progress is presented, helps them realize their accurate
learning situation in each of the assessed criteria. The
assessment tool also provides the students with the
information regarding their relative position in class which can
serve as a learning catalyst and motivation for better success.
Students tend to appreciate rich and meaningful feedback
attached to the scoring of their homework assignments, and
feel disappointed otherwise [17].

2. The Assessment Process

Many of the students made statements similar to the
following:
"Knowing the assessment criteria in advance helped me to
improve my answers in all aspects. For instance, I made
several passes on the code before submitting; added comments
to the code changed variables' names and even broke down
long and complex methods into several simple ones just to
make sure that I'm not going to lose score for sloppy
submission. It surely improved the quality of my solution".
"When I had to provide a geometrical proof, I saw that the
criteria list includes various aspects regarding geometrical
proofs such as clear sketch, accurate references of
mathematical theorems, justifying each claim and so on. This
list helped me both to learn about the important constituents
of proof and to properly apply it".
"I was quite surprised when I saw the heavy weights the
lecturer assigned to the readability modularity and coverage
criteria. I'm not saying that these criteria are not important,
but in the first programming course correctness was the only
issue. I had to adapt my coding style to the new requirements".
"The lecturer explained at the beginning of the course that
good solution refers to more aspects than its correctness. At
first I didn't understand the importance of it but according to
the criteria I invested some thinking to provide clear sketch
describing the solution, justify each claim in the proof, and
use accurate references to known theorems. Now, at the end of
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the course I can say that I understand much better why these
proof’s aspects are significant".

"By assigning heavy weight on the coverage criterion, the
lecturer forced me to test my solutions over and over. Indeed 1
found many software bugs that I wouldn’t find otherwise. I
really understand now the importance of these tests, and [
thank the lecturer for that. I'm sure that when I'll write code in
the future I will invest more time for testing. It pays off".

In previous courses the students' assignments were graded
mainly for their correctness, and as a result they did not pay
much attention to the other aspects. According to the
requirements reflected by the weights assigned by the lecturer
they had to change their perception on these criteria and
indeed provided better solutions. The students understood the
importance of the factors that affect the quality of their
solutions. Computer programming students assimilated the
significance of code clarity and modularity to the future
maintenance of the software and the importance of writing
unit tests to cover as many lines of code as possible to reduce
the number of software errors. Math students assimilated the
significance of providing clear sketch, justify each claim,
provide accurate reference to known theorems and arrange
their proof coherently.

Notifying in advance the students about the criteria list by
which they are going to be assessed has the following benefits:
(1) the lecturer conveys a clear message regarding his
expectations from the students. For example, if the task
includes source code, through the criteria list the lecturer can
convey the students the message that there are another
important aspects relating to source code in addition to its
correctness; (2) Acknowledging students with the criteria list
according to which their work will be assessed can help them
better monitor their learning. Via these criteria and relative
weights they receive a clear message concerning the relative
importance of a certain criterion and the amount of efforts
they should invest in it.

V. CONCLUDING REMARKS

The presented results show that both students and teachers
have positive experience with the assessment tool. This
experience is a results of several factors stated above.
Teachers can plan the assignments assign criteria and publish
their weights in advance so students can adjust their efforts
accordingly. After submission teacher assess the provided
solutions while referring to all criteria justifying each score
then distribute individual and summative reports. Teachers use
the reports generated by the tool to assist struggling students
and identify class weaknesses. Students receive the criteria set
along with the assignment and adjust their learning efforts
accordingly. They found the assessments they received to be
fair and useful in a way that helped them to focus their efforts
in issues they encounter difficulties. Hence, we may say that
via the assessment tool the students' knowledge can be shaped.
We plan to test the assessment tool on additional science
courses where other criteria should be considered. We also
plan to extend the tool in the following directions: (1) add

summative reports for the teachers; (2) add assessment scale
according to which teachers reduce points on faulty or
inaccurate answers; (3) add statistics measures to compare the
achievements of different groups (e.g., across semesters,
across lectures).

REFERENCES

[1] Ala-Mutka K. M. (2005). A Survey of Automated Assessment
Approaches for Programming Assignments, Computer Science
Education, 15:2, 83-102

[2] Aksu, H.H. (2008). A Study on the Determination of Secondary School
Mathematics Teachers' Views on Alternative Assessment.Humanity &
Social Sciences Journal, 3 (2), 89-96.

[3] Bangert-Drowns, R.L., Kulick, J.A., and Morgan, M.T. (1991). The
instructional effect of feedback in test-like events.Review of Educational
Research, 61 (2): 213-238.

[4] Black, P. &Wiliam, D. (2005). Developing a theory of formative
assessment. In: J. Gardner (Ed), Assessment and learning (pp. 81-100).
London,Sage.

[5] Boehm, B. W., Brown, J. R., &Lipow, M. (1976). Quantitative
evaluation of software quality./n Proceedings of the International
Conference on Software Engineering, pages 592-605. IEEE Computer
Society Press, October. Los. Alamitos, CA

[6] Carter, J., English, J., Ala-Mutka, K., Dick, M., Fone, W., Fuller,
&Sheard, J. (2003). How shall we assess this? ACM SIGCSE Bulletin,
35(4), 107 — 123.

[7] Cheang, B., Kurnia, A., Lim, A., Oon, W.-C., 2003. On automated
grading of  programming  assignments in an  academic
institution. Computer & Education. 41 (2), 121-131.

[8] Crooks, T. (2001). The Validity of Formative Assessments.British
Educational Research Association Annual Conference, University of
Leeds.

[91 Douce, C., Livingstone, D. and Orwell, J. (2005). Automatic test-based

assessment of programming: a review. ACM Journal of Educational

Resources in Computing, 5(3):4

Gulknecht-Gmeiner, M. (2005). Peer Review in Education, Report.

Leonardo da Vinci Project, Vienna (pp- 1-74)

http://www.aahe.org/teaching/Peer_Review.htm, accessed May 2008.

Higgins, C. A., Gray, G., Symeonidis, P. and Tsintsifas, A. (2005).

Automated assessment and experiences of teaching programming.4CM

Journal on Educational Resources in Computing, 5(3):5.

Hogen, J. &Wiliam, D. (2006). Mathematics inside the black box:

assessment for learning in the Mathematics classroom. London: NFER-

Nelson

Howles, T. (2003). Fostering the growth of a software quality

culture.ACM SIGCSE Bulletin, 35(2), 45 — 47.

[14] James, R., Mclnnis, C. & Devlin, M. (2002). Assessing Learning in
Australian Universities. Victoria: Centre for the Study of Higher
Education, University of Melbourne.

[15] Joy, M., Griffiths, N. and Boyatt. R. (2005). The BOSS online

submission and assessment system.ACM Journal of Educational

Resources in Computing, 5(3):2.

Jackson, D., & Usher, M. (1997). Grading Student programs using

ASSYST. Proceedings of the 28" SIGCSE technical symposium on

Computer science education, USA, 335 —339.

[17] Lavy, I. & Shriki, A. (2012). Engaging prospective teachers in the

assessment of geometrical proofs.In Tso, T.Y. (Ed.).Proceedings of the

36th Conference of the International Group for the Psychology of

Mathematics Education, vol. 3, pp. 35-42. Taipei, Taiwan: PME.

Ljungman, A.G. &Silén, C. (2008). Examination involving students as

peer examiners.4ssessment & Evaluation in Higher Education, Vol. 33,

No.3, pp. 289 — 300.

McTighe, J. & O'Connor, K. (2005). Seven practices for effective

learning. Educational Leadership, 63,(3) 10-17

Morris, D. (2003). Automatic Grading of Student’s Programming

Assignments: An Interactive Process and Suite of Programs. In

Proceedings of the 33rd ASEE/IEEE Frontiers in Education Conference,

S3F-1 — S3F-5.

Saphier, J. (2005). Masters of Motivation, In Richard DuFour, Robert

Eaker, and Rebecca Du-Four, Eds.On Common Ground: the power of

professional Learning Communities. Bloomington, IN: National

Education Service.

[10

[11

[12

(13

(16

[18

[19

[20

[21

1961



[22]

[23]

[24]
[25]

[26]

International Journal of Business, Human and Social Sciences
ISSN: 2517-9411
Vol:7, No:7, 2013

Slavin, R. E., Eric A. Hurley, & Chamberlain AM. (2003).
“Cooperative Learning and Achievement.” In Handbook of Psychology,
Vol. 7: Educational Psychology, edited by W. M. Reynolds and G. J.
Miller, (pp. 177-98). Hoboken, N.J.: John Wiley & Sons.

Van den Berg, I., Admiraal, W. &, Pilot A. (2003). Peer assessment in
university teaching. An exploration of useful designs. The European
Conference on Educational Research, University of Hamburg, pp. 17-20.
Webb, D.C. (2009). Designing Professional Development for
Assessment.Educational Designer, 1 (2), 1-26.

Wiggins, G. &McTighe, J. (2000). Understanding by design. New York:
Prentice Hall.

William, D. & Thompson, M. (2007). Integrating Assessment With
Instruction: What Will It Make It Work?, In C.A. Dwyer (Ed.) The
Future of Assessment: shaping teaching and learning. Mahwah, N.J.:
Lawrence Erlbaum Associates.

1962



