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ABSTRACT
The ’Introductory Programming’ module is the first step in software
development courses and a number of activities have been intro-
duced to motivate novice students in programming modules. An
assessment and feedback system is one such activity. This system
checks the granular parts of programs and notifies students where
they have errors which they can correct. It is widespread, but it
is still an emerging area to improve its process as well as to im-
prove novice programming skills. So the objective of this research
is to plug this gap in the assessment and feedback systems of these
introductory programming modules.

CCS CONCEPTS
• Social and professional topics→ Student assessment.

KEYWORDS
Automated Assessment & feedback; Novice Programming

ACM Reference Format:
Jagadeeswaran Thangaraj. 2021. Automated Assessment & Feedback Sys-
tem for Novice Programmers. In 26th ACM Conference on Innovation and
Technology in Computer Science Education V. 2 (ITiCSE 2021), June 26-July
1, 2021, Virtual Event, Germany. ACM, New York, NY, USA, 2 pages. https:
//doi.org/10.1145/3456565.3460021

1 INTRODUCTION AND MOTIVATION
Programming modules are essential for any software development
related courses at higher education institutions all over the world.
The ’Introductory Programming’ module is the first step in the
software development courses [2]. The learning outcomes of them
are fundamental concepts of programming such as basic compu-
tation, simple I/O, conditional and iterative structures and usage
structures. When assessing these concepts, the examiner asks stu-
dents to design, implement and test a project which is typically
complex [7]. It consists of usage of various concepts from the mod-
ule. The objective of these courses is to give the basic knowledge to
writing programming languages by introducing syntax and seman-
tics. Therefore these modules play an important role to make them
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comfortable in continuing their education. There are a number of ac-
tivities introduced to motivate the novice students in programming
modules.

Assessment is an important activity of computer educationwhich
leads programming learning. Most of the assessment systems eval-
uate the program’s output, not the code. They do also not cover
each and every concept the student attempts. The feedback system
is not enough to show where they missed the concepts as it reports
back as final results. So the major problem in the assessment and
feedback system of these introductory programming modules is
that the assessments do not justify the granular parts of the projects
and fails to notify where they went wrong. So the objective of this
research is to plug this gap in the assessment and feedback system
of these introductory programming modules. As [7] recommended,
independent components of programming will increase opportuni-
ties to diagnose difficulties of novices.

2 RELATEDWORK
There are a number of solutions that have been found in order
to make assessment easy and to feedback students where they
made mistakes or found difficulties. Some of them are automated
assessments, rubric styled evaluation. An automated assessment
system[12] is a tool which evaluates the student’s program and
gives the feedback immediately. There are a variety of automated
assessment techniques available to evaluate student programming
assignments [5]. Automatic assessment is the process of student’s
assessment using computerised testing. They support automatic
evaluation of student submissions based on different approaches
such as natural language processing, machine learning, Image recog-
nition and targeted feedback [1][8][9]. Targeted feedback systems
[12] help the students to correct common misconception errors in
the introductory programming.

Multiple Choice questions (MCQ) is the most common approach
in computerised testing. In the case of programming modules, MCQ
testing is not enough to assess the student’s coding knowledge and
it does not engage students to write their own code when they
are at an advanced level. Therefore, code writing exercises recom-
mended for this issue. CodeRunner[6] is an automatic assessment
tool which tests the code submitted by students and provides feed-
back immediately. It operates as a question type Moodle plug-in
and checks the correctness of programming in most of the text
based languages. Virtual programming Lab (VPL) is another Moo-
dle plug-in tool which enables to assess the student programming
assignments in different languages [13]. It automatically executes
the student programs and provides formative feedback and gener-
ates the report by evaluation. It is used to encourage programming
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skills for Novices. MULE[4] and Eienstien[3] are other automated
assessment and feedback tools used in Ireland. These are provid-
ing immediate feedback to motivate the novice programmers and
helping in assessing and marking of programming assignments.

3 PROBLEM STATEMENT
Independent components of programming will increase the diffi-
culties for novices. An assessment and feedback system needs to
check the granular parts of the programs and to notify students
where there are errors so they can correct the results. There is a
gap between the assessment and feedback system of programming
assignments. Therefore the assessment system should help in this
scenario as assessment plays a vital role here. Based on the literature
review carried out so far, there is no effective assessment system for
evaluating the codes and feedback system for encouraging student’s
programming skills.

In conclusion, most of the studies have concluded that their
primary motivation is to provide the feedback immediately as a
student centered approach tomake themunderstandwhere the code
has errors, what types of the errors and possibly to make necessary
changes and submit it again. Therefore these assessment tools help
the students to reflect and enable them to learn from the mistakes.
The first drawback is that it assesses the same questions for all
students with different abilities. The next drawback is that these
systems fail to motivate the novices in programming assignments
apart from notifying the errors as compilers.

The targeted system should enable accurate error correction from
the teaching point of view and provide the feedback immediately
to encourage the students. The targeted modules are fundamental
programming in the university entry level. The aim of this study
is to help the educators assess process improvement, in particular,
software programming assessment and support student’s ability to
learn programming languages.

4 RESEARCH GOALS
The goal of this research is to explore the current automated assess-
ment solutions in terms of their ability scaffold and support novice
programming students. The aim of this research is to enhance cur-
rent assessment processes for novice programming students. The
goals or research questions for this aim are:

• Given that an automated assessment and feedback (AAF)
system can indicate some of the most common program-
ming errors, how does AAF support the ability of novices to
understand and correct the errors?

• Does AAF encourage novices to improve their programming
skills?

• Does AAF evaluate modular parts of programming to help
novices effectively learn the introductory programming con-
cepts?

5 RESEARCH METHODS
In general, Adaptive assessment [10] is defined as testing a partici-
pant’s knowledge based on their previous attempts in the assess-
ment process. Adaptive assessment process assesses the students
with different abilities with different sets of questions. In this test-
ing, a list of questions is classified in three cognitive levels based

on the complexity (like easy, moderate and difficult). Here easy
questions assess the basic concepts, moderate questions assess com-
prehensive knowledge and difficult questions do the applications of
the knowledge. Although adaptive testing is in use in the computer
education sector and it has started to get more attention in recent
years with the use of computer assisted learning.

We plan to introduce a progressive approach to assessing and pro-
viding feedback on the granular parts of programming projects by
using adaptive assessment. In this assessment, if a student answers
correctly for a question, then the next question is hard. Otherwise
the easy one will be asked. It continues until the system predicts the
level of student’s proficiency [11]. Difficulties in programming are
classified as Bloom’s taxonomy of programming. The shortcoming
of this work is that it gives only minimal feedback on their work.
Therefore the proposed research method is applying the adaptive as-
sessment technique to assess the novice students in their skill level
and encourage them to learn to achieve the required knowledge.

6 CONTRIBUTIONS
The short-term contributions of this work includes an investigation
into targeted error messages that novice programmers encounter
in the introductory programming. In the longer term, the research
will provide the feedback immediately and help the students to
reflect and enable them to learn from the mistakes. Therefore the
aim is to design an automated assessment and feedback framework
to improve their programming proficiency.
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