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Using formative assessment and the feedback process as
an approach to the learning of software development
review and quality assurance skills

llona Box
University of Western Sydney, Penrith, Australia
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Abstract: There are many factors that can contribute to improving the learning experiences
of students. Those that are of interest here include: formative assessment and the process of
providing feedback and its similarity to the software development review process. Based on
Scriven's original definition of formative evaluation involving a product, a developmental
agency and a feedback loop, four feedback |oops are suggested: judicious teacher/responsive
student; advisory teacher/judicious student; judicious peer/responsive student; and self-
determining student. The use of the feedback loops revealed some strengths and weaknesses
of each.
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Introduction

There are many factors that can contribute to improving the learning experiences of students.
Those that are of interest here include: formative assessment and the process of providing
feedback.

In my discipline, software development, students with a deep approach to learning (e.g.,
Entwistle, 1987) take on the resporsibility to participate in the achievement of learning

obj ectives without necessarily receiving an immediate (i.e., during the teaching session)
extrinsic reward (e.g., ahigh mark). They are also able to realistically evaluate the outcomes
of their learning i.e., software development artefacts (henceforth referred to as artefacts) and
their skill to develop these. On completion, the students with a deep learning approach present
with a professional, though novice, skill level for doing the tasks and the quelity assurance
process associated with the tasks. Students that take a surface approach to learning are not
connecting their learning with the achievement of learning objectives and are unable to
reaistically evaluate their work. Students who expect immediate and accumulating extrinsic
rewards (e.g., full marks for tasks allocated a few percentage points which when added
together will allow them to pass the subject) by producing artefacts take a strategic approach
to learning. Though the students with a srategic approach to learning (Entwistle, 1987) may
be able to evaluate the artefacts, they do not see the production of the artefacts as valuable to
their learning or their professiona career. The most desirable approach to learning software



development is a deep approach. A contribution can be made to encourage the development of
a deep approach to learning software development by appropriate course design and
execution, one element of which is the feedback process related to formative assessment.

Two mgjor laws of skill acquisition need to be considered when using formative assessment
these are the "power law of practice” and "knowledge of results’ (Pelligrino, Chudowsky, &
Glaser, 2001, p. 85). Research of assessment, though regarded as uneven and weak (Black,
2000) presents a consensus that |earning objectives are achieved by the use of reliable and
valid assessment (e.g., Biggs, 1999; Boyd, 2001; Chase, 1999; Crooks, 1994; Kanjee, 2000).
Using such assessment and appropriate feedback processes therefore yields positive learning
outcomes for the students. However, if we encourage a deep learning approach there needs to
be an opportunity for the students to practice doing the assessment and responding to
feedback.

In 1931 Thorndike demonstrated that practice without feedback produces little learning
(Pelligrino et d., 2001). A student needs to have knowledge of their mistakes. Thisis
provided by feedback to students during instruction and learning. The requirements for
effective feedback are (Crooks, 1994, p. 12):

1. “..truly informative, clearly identifying ... strength[s] and weaknesges] of the
individual student.”

2. “waysof improving ... should be ... explicit as possible.”

3. “delivered ... to enhance rather than damage student motivation.”

4.  “timely.”

To provide an environment that effectively facilitates student practice doing the task and
responding to feedback, course designers need to consider the process by which feedback will
occur. This paper presents four feedback processes or loops. The feedback loops have been
used and this use has indicated the some strengths and weaknesses of each.

Formative assessment

Generally, assessment can be described as either summative or formative. Summative
assessment takes place at the end of a unit of study and "sums up" the current level of
knowledge and skill a student will have of that unit of study.

Formative evaluation was first used by Scriven (1973) as the term to describe the evaluation
of acurriculum while it is still under development. Formative evaluation has since been
widely adopted as the term to describe "systematic evaluation in the process of curriculum
construction, teaching, and learning for the purpose of improving any of these three
processes’ (Bloom, Hastings, & Madaus, 1971, p. 117). Bloom et al. went further by
describing the use of formative evaluation to improve the teaching and learning processes.
Formative evaluation, in the Australian context, is the same as formative assessment.

Formative assessment is used to determine whether a learner has achieved an adequate level
of skill or mastery of some subject content before the opportunity to learn that subject content
has passed. Formative assessment involves providing feedback and an opportunity for
improvement to take place. Providing feedback requires a judgement about the quality of the
work, which can be explicitly indicated by comments and sometimes with an indication of the
level of mastery such as atemporary grade. Providing feedback is similar to the review and



quality assurance process during software development (space does not permit a discussion of
this process, however, one can be found in Box & Ferguson, 2002).

For most of us the time available to deliver a course is quite rigid, typically restricted to an
institution’ s dateline which includes not only academic, but also administrative deadlines.
Therefore the opportunity to learn the subject content is finite, which influences the amount of
formative assessment and feedback that can take place. Thisis similar to a project planwhere
the time available for quality assurance is aso finite.

Formative assessment is interpreted in a number of ways. Some (for instance, Black &
William, 1998; Bloom et al., 1971; Cowie & Bell, 1999; Torrance, 2000) consider the
assessment task to be formative when the judgment of the student's work is made by the
teacher. A series of formative assessments, of this type, can be regarded as “a multiple set of
summative assessments’ (Bligh, 2000), which is not analogous with the software
development review process. Formative assessment does require some judgment to be made
of the quality of the student’s attempt at the assessment task and effort is needed to reduce the
negative aspects so the formative assessment is perceived as an opportunity for improvement
just as areview is used to prevent errors in the software. Reducing the negative aspects
associated with judging is in line with the view that formative assessment should be non
judgemental and non-threatening (Rolfe & McPherson, 1995). Bloom et a. (1971, p. 54) note
formative assessment is “part of the learning process, and should in no way be confused with
the judgement of the student’s capabilities or included in the grading process’. In the same
way areview of an artefact is not a personal criticism of the software developer. Therefore,
the feedback provided to the software devel opment student is about what is ‘right’ about the
artefact and what and how it needs to be improved. The judgement being made is about
students' progress in their learning, not whether they have or have not achieved or are capable
of achieving a particular grade.

Given that 1) we work to rigid datelines, 2) software development students may not initialy
have the skill and subject expert knowledge to redlistically evaluate their work, 3) evaluating
one's own and others work is integral to being a successful software developer, then it is
necessary for the students' learning software development to experience formative assessment
where there is a move from the teacher being the reviewer of the artefacts, to where the
student is the reviewer. Providing feedback processes that are clearly defined is away this
move can be achieved.

Feedback

Scriven first used formative evaluation in 1967 as the term to describe the evaluation of
curriculum while it is still under development. Formative evaluation has since been widely
adopted for student assessment. By returning to Scriven’s work on formative evaluation | was
able to define frameworks, feedback loops, by which students may learn how to provide and
use feedback, similar to the software development review process.

Scriven (1973, p. 63) states that during formative assessment "the evaluation feedback loop
stays within the devel opmental agency (its consultants), and [that it] serves to improve the
product”. To establish what would constitute formative assessment and how we might move
the onus of quality assurance on to the student | needed to decide what is the product, what is
the developmental agency, and what is the feedback |oop.



The product

Minimally and in the short term, the primary product is student learning. Within asingle
subject thisis usualy demonstrated by the completion of one or more summative assessment
tasks. For asmaller unit of study the level of mastery can be demonstrated by the use of
formative assessment. It is most desirable for al students to achieve a minimum level of
mastery. However, arigid dateline makes this virtually impossible to achieve unless there is
some sacrifice of content and/or standards, and/or a guarantee of homogeneity of the prior
knowledge of all students, the former being more achievable than the latter and the sacrifice
of content being more pal atable than the sacrifice of standards.

Elaborately and in the longer term, the primary product is a professional software developer.
Except when a student continues into a research degree, it is not necessarily possible for us to
know if the student has become a professiona software developer.

The developmental agency

In Scriven’s definition the devel opmental agency is usually seen as academics and externa to
where the curriculum is in place. Developing is the bringing out of capabilities and an agent is
one who acts or has the power to act (Delbridge, 1997). Based on these definitions | defined
the developmental agency for my circumstances as internal to the delivery of the subject and
as either the teacher; the teacher and student; or the student.

Before formative assessment commences the teacher is the developmental agency. Once a
student has moved away from the teacher’ s domain, the teacher is again the developmental
agency. However, during formative assessment it is either the teacher and student, or the
student who comprise[s] the developmental agency. Formative assessment is then a
simulation of the software development process where, the teacher is a reviewer and the
student is a developer or, the student is a reviewer and devel oper.

The feedback loop

Based on Scriven’swork, as it aligned nicely with the software devel opment process, |
formulated and used a number of feedback loops aimed at students improving the quality of
their software development work and their skill at reviewing and assuring the quality of their
own and others artefacts, namely:

Judicious teacher/responsive student;
Advisory teacher/judicious student;
Judicious peer/responsive student;
Self-determining student;

PO

‘Judicious’ indicates that the role of the person is to exercise good judgement about the
quality of the artefacts, expressed as feedback that is wise, sensible, and assists learning.
‘Responsive’ indicates that the role of the person is to respond to feedback provided by
improving the quality of the artefact. ‘ Advisory’ indicates that the role of the person isto
facilitate another's judicious role. * Self-determining’ indicates that the role of the person isto
be judicious and responsive.

The judicious teacher/responsive student feedback loop

The first feedback 1oop—judicious teacher/responsive student—is shown in Figure 1. The
model uses the Unified Modelling Language (a software development standard) sequence
diagram notation. The vertical bar represents the ‘life’ of the assessment activity, time
progresses as one moves down the vertical bar. The teacher commences the activity by setting



the task and criteria against which the task may be judged. The student responds with an
attempt at the task, using the criteria as a guide to achieve mastery. The teacher provides
comments and an indicative grade of the level of mastery achieved on the attempt at the task.
The student responds with another attempt at the task. This loop can continue until the student
demonstrates an adequate mastery of the task or as long as time permits (which may mean in
agroup of students that some do not achieve an adequate mastery of the task). The judicious
teacher/responsive student feedback |oop leaves the onus of making good judgments about the
quality of the artefact on the person with the most skill and subject expert knowledge, the
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Figure 1: The judicious teacher/responsive student feedback loop

| used the judicious teacher/responsive student feedback oop when students first learned
about software development, and the review and quality assurance process with some success
(Box, 2002).

From my experience with the judicious teacher/responsive student feedback loop, some of the

strengths of the loop are:

. The judgments are more likely to be correct (meeting some of Crooks' (1994, p. 12)
effective feedback requirements, i.e., truly informative, clearly identifying strengths and
weaknesses, ways of improving are explicit, and delivered to enhance motivation) as the
teacher possesses the subject expert knowledge;

The time to achieve adequate mastery, for the mgjority of the class, is shortened because
the teacher can steer students to the right course of action;
The student can concentrate on responding to comments and doing the task.

Some of the weaknesses of the judicious teacher/responsive student loop | found to be:

The student is not active in making judgments and is less likely to acquire this skill by
only being an observer of the judgment process and arecipient of the outcome;



The workload of the teacher might increase and becomes more time-critical (to meet
Crooks' effective feedback requirement of being timely).

Prolonged use of this feedback loop is less likely to result in software developers who
can independently review and assure the quality of their work and others.

The weaknesses of the judicious teacher/responsive student feedback |oop were addressed in
the formulation of the next loop.

The advisory teacher/judicious student feedback loop

The second feedback loop, advisory teacher/judicious student (Figure 2), has the student in a
more active role of making judgments about their attempts at work set by the teacher. The
teacher plays arole of setting the task and criteria against which the task may be judged. The
student attempts the task and, using the criteria, comments on the attempt at the task. The
student can attempt and judge the task as often as they like, or as time permits. The length of
the vertical bar indicates the “life” of each attempt and comment. The teacher can advise the
student as much and as often as the student wants. The teacher's advice can be directed more
at the judgments the sgudent is making, that is to say the student's interpretation of the criteria
and how they apply to their attempt at the task, than the attempt itself. The loop would end
when the task is treated as a summative assessment and the teacher gradesiit.
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Figure 2: The advisory teacher/judicious student feedback loop

| used the advisory teacher/judicious student feedback loop also when students first learned
about software development, and the review and quality assurance process. Once the allocated
time for the judicious teacher/responsive student feedback loop had expired the students
continued doing the software development tasks and reviewing their work. The students kept
aportfolio of al their attempts and feedback. The initial attempts had feedback from the
teacher; students reviewed their own subsequent attempts. The portfolio was evidence of their
learning and final level of mastery for each software development task.

From my experience with the advisory teacher/judicious student feedback loop, some of the
strengths of the loop are:
The student is participating in making judgments and is more likely to acquire this skill;



The teacher may be seen by the students as more approachable and less threatening;
The students can work at their own pace after aninitial encounter with the material.

Some of the weaknesses of the advisory teacher/judicious student loop | found to be:

. The students may initially flounder at making judgments and develop a negative opinion
about studying the unit;
The students don't have the subject expert knowledge to make accurate judgments,
The teachers may be perceived to be shirking their ‘traditional’ responsibilities of
teaching students how to do better and/or the subject content;
The coverage of subject material may be significantly reduced, as the students are likely
to need more time to attempt and evaluate a task.

The previous loops only required the students to evaluate themselves. The next loop engaged
the students with their peers.

The judicious peer/responsive student feedback loop

The third feedback loop, judicious peer/responsive student (Figure 3), has the student’s peer
(or peers) commenting on and grading the student’s work. The teacher’ s role may be to
initiate the loop by setting a task or problem, and providing the criteria to the student and peer
and/or input to the loop as determined by the students. Since many teachers are uncomfortable
with students determining their own grade or the grade of others, this assessment activity can
end with a summative assessment and grading by the teacher.
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Figure 3: The judicious peer/responsive student feedback loop

| used the judicious peer/responsive student feedback loop when students were doing their
second subject about software development. The students had experience with the previous
loops and with many of the software development tasks. The novelty of the subject was the
electronic support of the group approach to task completion and review and the use of project
meetings rather than lectures.



From my experience with the judicious peer/responsive student feedback loop, some of the
strengths are:
: Cooperative rather than competitive learning is encouraged;
The notion of peer review such as those that take place in awork environment is
encouraged;
The importance of peer assessment in formative assessment (Black, 2000) is
accommodated;
The students take on some of the project management tasks as the reviewers chase up
the work they are to review;
The process is analogous to software development in industry.

Some of the weaknesses of the judicious peer/responsive student feedback loop | found to be:
The lack of experience of the judicious peer may lead to animosity between students;
The judgments may mislead the student as to the quality of their work, usually by overly
favourable judgments (Scriven, 1991);
The coverage of subject material may be significantly reduced, as the students are likely
to need more time to attempt and evaluate tasks.

The self-determining student feedback loop

The fourth feedback loop, self-determining student (Figure 4), has the student commenting on
and grading their own work. The teacher's role may be to initiate the loop by setting a
problem to be solved and provide input to the loop as determined by the student. Again, since
many teachers are uncomfortable with students determining their own grade, this assessment
activity can end with a summative assessment and grading by the teacher. However, given
that the idea underlying this loop is self-determination, such action is likely to weaken the
intended outcomes.
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Figure 4: The self-determining student feedback loop

External and unpredicted circumstances were such that in one subject, the second encounter
with software development, the students were put unintentionally (recognisably without the
required preparation) into the self-determining student feedback loop. The student response
indicated that they saw the tasks and process as not worth doing as it did not contribute to the



final grade, were far removed from their comfort zone and put considerable energy into
complaining rather than participating. Even though the individual tasks were designed to
directly contribute to a group assignment, the number of students participating in the
formative assessment fell to about two participants out of 32 as the session progressed.

From my experience with the self-determining student feedback loop, some of the strengths
are;
Successful students are more successful software developers, participating in the
feedback process and performing well in formative and summative assessments,
The teacher's role became explicitly one of afacilitator to learning, removing them from
the judicious role.

Some of the weaknesses of the self-determining student feedback loop | found to be:
Unsuccessful students become hostile;

Teachers may fed they are too far removed from a comfortable teacher/student
relationship.

Conclusion

Based on Scriven's origina definition of formative evaluation, as it aligned nicely with the
software development process, | formulated four feedback processes:. judicious
teacher/responsive student; advisory teacher/judicious student; judicious peer/responsive
student; and self-determining student. In the judicious teacher/responsive student loop, the
judicious teacher provides feedback so studerts can improve their work, and experience and
respond to the review and quality assurance process. In an advisory teacher/judicious student
loop, the judicious student can practice their review and quality assurance skillson
themselves with the advice of the teacher. In ajudicious peer/responsive student loop, the
judicious peer, having been a judicious student, can perform more effectively as a reviewer of
artefacts. In a self-determining student loop, the student becomes an independent learner;
when presented with a problem the student is able to identify the appropriate path to take and
assure the quality of their work along the way.

Experience to date with the feedback loops suggests that there are a number of things needed
for their successful implementation. First, the students need to be informed explicitly of the
feedback process to be used. Education, training, and communication are needed to enable the
students to participate in the execution of the feedback loop. Communicating to the students
which feedback loop is to be used and why is not enough. The students also need to be
educated and trained in how best to participate in the feedback process.

Formative assessment requires good judgment to be made of the students' attempts at the
assessment task. The judgment is communicated during a feedback process. To encourage
students to learn quality assurance skills for successful software development we need to
transfer the skills and knowledge not only of the subject content, but also of the feedback
process. By the purposeful implementation of the feedback loopsit is possible for students to
become knowledgeable and skilled devel opers, comfortable with the review and quality
assurance processes.

One of the strengths of the ideas presented lies in the link they have with the development of
graduate attributes. One of the motivating and contributing factors to the development of the
feedback loops and consequent subject design was the contribution to a student’s
development of generic graduate attribute skills. Concentration, at least within my current



school, of curriculum design on the discipline of computing without effort to explicitly
include learning outcomes that are graduate-attribute focused makes the place for the
feedback loops in such “discipline heavy” curriculum significant.
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