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It has been estimated that more than two million students started computing studies in 1999 and 650,000
of them either dropped or failed their first programming course. For the individual student, dropping such
a course can distract from the completion of later courses in a computing curriculum and may even result in
changing their course of study to a curriculum without programming. In this article, we report on how we set
out to rehabilitate a troubled first programming course, one for which the dropout statistic and repercussion
was evident. The five-year longitudinal case study described in this article began by systematically tracking
the pass rate of a first programming course, its throughput, as proposed by the Theory of Constraints. The
analyses of these data indicated three main problems in the course: programming discipline difficulty, course
arrangement complexity, and limited student motivation. The motivation problem was approached from the
Two-Factor Theory point of view. It investigated those factors that led to dissatisfaction among the students,
the hygiene factors, and those factors that led to satisfaction, the intrinsic and extrinsic motivators. The
course arrangement complexity was found to be a hygiene factor, while the lack of extrinsic and intrinsic
motivators contributed to the high dropout rates. The course improvement efforts made no attempt to change
the inherent characteristics of the programming discipline, but introduced holistic changes in the course
arrangements over a five-year period, from 2005 to 2009, to eliminate the hygiene factors and to increase
motivational aspects of the course. This systems approach to course improvement resulted in an increase in
the pass rate, from 44% prior to the changes to 68% thereafter, and the overall course atmosphere turned
positive. This paper reports on the detailed changes that were made and the improvements that were
achieved over this five-year period.
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1. INTRODUCTION

Since the 1970s, introductory programming in a high-level language has been offered
as the first course in the overwhelming majority of computer science departments in
the U.S. (cf. Furugori and Jalics [1977]). In 1999, it was estimated that more than two
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million students started computing studies, and all of them enrolled in introductory
programming courses [Bennedsen and Caspersen 2007]. There is little evidence of this
situation having changed much over recent years. However, problems associated with
the teaching and learning of introductory programming have also been reported since
the 1980s [Sleeman 1986], and this has been a popular topic of ongoing research ever
since (e.g., Ebrahimi [1994]; Jenkins [2002]; Kinnunen et al. [2007]; Lahtinen et al.
[2005]; Mow [2008]). The implications of these problems were expressed succinctly
by Bergin and Reilly [2005]: “It is well known in the Computer Science Education
(CSE) community that students have difficulty with programming courses and this can
result in high drop-out and failure rates.” Bennedsen and Caspersen [2007] estimate
that of the plus two million students starting computer science studies in universities
and colleges all over the world in 1999, 33%, or 650,000, dropped or failed their first
programming course.
In this article, we report on a study surrounding the rehabilitation of a troubled
first programming course at Lappeenranta University of Technology (LUT), undertaken between 2005 and 2009, with 157 to 249 students enrolled annually. In 2005,
the Fundamentals of Programming course (often referred to as CS1 by many institutions) was offered in two variants: course A for Information Technology (IT) majors
and other students who needed to acquire basic programming skills; and course B for
those students who needed to know the basics of programming in order to make decisions about its use and resourcing (e.g., management students). We call the course
“troubled” since, prior to 2005: (1) the three previous implementations of the course
had pass rates of between 44% and 47%; (2) the programming skills of the students
were reported as deficient by the instructors of the follow-on courses; and (3) the students appeared dissatisfied with the course. Any one of these issues, if experienced
at the onset of a student’s university studies, could lead to a delay in graduating, to
a curricula change, or to dropping out of college all together, three outcomes that we
did not want students to experience. We therefore set out to rehabilitate the first programming course by examining the reasons for the low pass rate and then by planning
and managing a holistic course revision, aiming at an 80% pass rate.
The study started by considering the course as a system, with the pass rate as its
throughput. This measure was based on the enrolled and graded students, and the
objective was to examine and address those bottlenecks that constrained the throughput, as suggested by the Theory of Constraints [Goldratt 1994; Goldratt and Cox 2004].
As typical for improvement initiatives such as the Shewhart cycle [Deming 1990], the
constraint identification process needs to be repeated after each constraint has been
removed which, in our case, resulted in five replicated cases studies during the period
from 2005 to 2009. During this five-year period, the course arrangements were revised
in a holistic manner to cover all the key areas identified. The largest changes included
a curricula level unification of the two course variants and a revision of the introductory programming course sequence to form a more coherent whole. The course level
changes included a move from the C programming language to Python, the development of new study materials, and a redesign of all the course assignments.
Although the study started from the need to rehabilitate a troubled course with
a low pass rate, it ended up being a study of student motivation. Numerous problems that were observed in the course appeared to cause real dissatisfaction among
the students. Following the Two-Factor Theory [Herzberg 1968; Herzberg et al. 1959],
a theory that has remained topical to the present day (e.g., DeShields et al. [2005];
Douglas et al. [2008]; Furnham et al. [2009]), these problems were categorized as
hygiene factors. The other side of the Two-Factor Theory, the motivators, is referred to
in many studies on programming (e.g., Bergin and Reilly [2005]; Guzdial and Soloway
[2002]; Jenkins [2001]; Jiau et al. [2009]; McWhorter and O’Connor [2009]; Rodrigo
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and Baker [2009]), and can further be divided into its intrinsic and extrinsic elements
[Lepper and Henderlong 2000]. In this study, not all of the students appeared to have
problems in completing the course, so it was concluded that they were driven by an
intrinsic motivation that helped them through the course in spite of its problems. The
study also revealed that, in the absence of tuition fees, some students enrolled habitually in the course without taking any further action to actually complete it. It was
concluded that tackling the problems associated with this group of students would require extrinsic motivators enforced by the administration. The initial changes in the
course decreased the pass rate from 44% to 36% in 2005 but by 2009 the pass rate
reached 68%. Together with a positive course atmosphere and receipt of the student
union excellence award for its course materials in 2008, evidence of eventual course
rehabilitation was provided.
The novelty of this study lies in its holistic approach to improving the results of
a first programming course. At present, the literature focuses on individual actions
aimed at improving the results of such courses, such as changing the programming language (e.g., Becker [2002]; Böszörményi [1998]; Johnson [1995]; Kelleher and Pausch
[2005]; McIver and Conway [1996]; Raadt et al. [2003]; Roberts [1993]), synchronizing curricula and course contents [Plaza and Medrano 2007; Rehman et al. 2009],
automatically assessing student assignments [Douce et al. 2005; Higgins et al. 2005],
emphasizing the role of process in constructing programs [Boisvert 2009; Caspersen
and Kolling 2009], and using visual tools [Kasurinen et al. 2008; Myller et al. 2008].
Some educational institutions have conducted long term efforts to improve the results
of CS1 (e.g., Georgia Institute of Technology [Guzdial 2009]), but the literature focuses
on course elements rather than the course as a system, which has a serious risk of
limiting the improvement efforts to local fitness peaks. Gill and Jones [2010] approach
this problem through the concept of a rugged fitness landscape [Kauffman 1993]. In
a rugged fitness landscape, a dependent variable has a fitness value that should be
maximized but, due to the interactions between the independent variables affecting
the dependent variable, many variable combinations result in local fitness peaks. After reaching a local fitness peak, any change in the setup leads to a performance drop
before the next fitness peak can be achieved. Gill and Jones [2010] study one CS1
course over seven course implementations with changes in the course design and indicate three implementations with high, three with medium, and one with low fitness
values based on student instructor evaluations, course attrition, course performance
(grades and GPAs), and peer reviews by faculty members. Gill and Jones [2010] summarize that rugged fitness landscapes typically involve hundreds of possible variables
which influence different regions, but that new variables are frequently needed to capture new situations, making statistical analysis of limited use. Thus, improving the
course results requires a holistic understanding of the course and its elements, and is
achieved through a qualitative research approach.
The remainder of this article is structured as follows. The research frameworks used
in the study are introduced in Section 2 and Section 3 provides details of the research
method used. Section 4 presents the course that is the subject of this study, along with
the five years of its implementation and results. Section 5 discusses the findings of the
overall study, how they relate to the theoretical frameworks used, and the implications
and limitations of the study. Section 6 closes the article with conclusions and future
research ideas.
2. RESEARCH FRAMEWORKS

The study uses two conceptual frameworks to analyze and tackle the problems with
the troubled course. First, the Theory of Constraints (TOC) was used as an overall
systems framework for the course improvement work. Second, since the course success
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depended upon the motivation of students, motivation theory was used to guide the
associated improvement in this area.
2.1 Theory of Constraints

A system consists of two ensembles, the form and its context, from which the form—
the system—is the solution to the problem while the context defines the problem
[Alexander 1964]. A good fit between the form and context is, however, difficult to
observe directly: “we should always expect to see the process of achieving good fit between two entities as a negative process of neutralizing the incongruities, or irritants,
or forces, which cause misfit” [Alexander 1964].
The misfit concept has been implemented as a systemic management framework
for continuous process improvement and is called the Theory of Constraints [Goldratt
1994]. The Theory of Constraints (TOC) builds on the assumption that the global goal
of an organization is to make money: “The goal of a manufacturing organization is
to make money, and everything else we do is a means to achieve the goal” [Goldratt
and Cox 2004]. The manufacturing process is seen as a sequence of actions that need
to be completed to finish the product while constraints are “anything that limits a
system from achieving higher performance versus its goal” [Goldratt 1994]. The basic
TOC performance metrics are sales (throughput), inventory, and operating expenses
[Dettmer 1997].
— Throughput. The rate at which the entire system generates money through sales
(product or service).
— Inventory. All the money the system invests in the things it intends to sell.
— Operating expenses. All the money the system spends in turning Inventory into
Throughput.
It is claimed that performance improvement can only be realized through increasing
the throughput, decreasing the inventory or decreasing the operating expenses. Since
zero limits the cutbacks that can be made to the inventory and the operating expenses,
increasing the throughput is the best area to focus upon for continuous improvement.
Goldratt [1994] suggests that the improvement process should be defined in two
ways using both the terminology of the system to be improved (Table I(a)) and the
terminology of the improvement process itself (Table I(b)). Most of the research on
the TOC still focuses on the manufacturing industry, even though an increasing number of reports from other fields have been published, such as software development
[Anderson 2004], management [Hsu and Sun 2005], project management [Umble and
Umble 2000], health care [Lloyd and Lana 2003], and airline services [Polito et al.
2006]. In general, the results have been estimated to generalize to any type of organization [Mabin and Balderstone 2003].
In the educational field, the TOC has been used at a number of levels. At the individual course level, the TOC has been used in developing small-scale case studies
to help in Introduction to Information Systems courses [Sirias 2002b], to improve the
teaching of business statistics [Sirias 2002a] and strategy formulation [Boyd et al.
2001], to teach problem-solving skills in marketing [Cooper and Loe 2000], and to address ill-structured problems [Walker and Cox 2006]. The improvement of graduation
rates is reported by Goldratt and Weiss [2005] who worked with an Israeli school with
200 students in the 9th to 12th grades. At the beginning of the study period in 1998,
none of the students managed to achieve a matriculation diploma. However, after the
TOC principles were adopted in the school in 1999, the percentage of students missing more than three subjects for the diploma steadily decreased over the subsequent
years, while the percentage of students entitled to the diploma increased such that
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Table I. The Theory of Constraints in: (a) The Terminology of the System to Be Improved; and (b) the Terminology
of the Improvement Process Itself [Goldratt 1994]
The focusing process in the terms
of the system to be improved
1. Identify the system’s constraints.
2. Decide how to exploit the system’s constraints.
3. Subordinate everything else to the above
decision.
4. Elevate the system’s constraints.
5. If in the previous steps a constraint has been
broken, go back to step one, but do not allow inertia to
cause a system constraint.
(a)

The focusing process in the terms of the
improvement process itself
1. What to change?
Pinpoint the core problems!
2. What to change to?
Construct simple, practical solutions!
3.
How to cause the change?
Induce the appropriate people to invent
such solutions!
(b)

67% of the students were entitled to it in 2003. The changes did not require additional
resources, only a revision in the way the existing resources were allocated within the
system. For example, the subjects were reorganized as larger ensembles to focus on
fewer topics at any given time; the exams were allocated evenly throughout the study
period rather than just close to the matriculation exam; students took the exam half a
year before their last chance to do so, so that they could focus on problem areas during
the remaining period if necessary; and 5% of the teaching hours were reallocated as
extra resources to handle problems close to the matriculation exams.
In this article and following the TOC, we use the throughput (i.e., the pass rate) as
a key measure of the course success. By considering the course as a process with multiple phases represented by the course deliverables (e.g., the exam, course project, and
weekly assignments), the bottlenecks constraining the overall pass rate were identified. After constraint detection, the problem areas were studied more closely to identify
misfits, and then solutions were sought to eliminate them.
2.2 Motivation Theory

There are a number of theoretical approaches through which the topic of work redesign
has been studied, ranging from activation theory through to socio-technical systems
theory [Hackman and Oldham 1976]. Attempts to improve the productivity and quality of work experiences are commonly associated with a concomitant interest in the
motivation of employees, and there are an equal plethora of theories through which
the specific topic of work motivation can be examined, including expectancy theory
[Vroom 1964] and Maslow’s hierarchy of needs [Maslow 1954]. Although Ambrose and
Kulik report that the actual link between motivation and performance has been little
studied [Ambrose and Kulik 1999], one influential framework that has been used to
investigate the motivation of programmers and software engineers [Hall et al. 2009] is
based upon Herzberg’s seminal work from the 1950s [Herzberg 1968; Herzberg et al.
1959]. Following empirical study, Herzberg found that the factors involved in producing job satisfaction (and motivation) are separate and distinct from those that lead
to job dissatisfaction; satisfaction and dissatisfaction are not opposing feelings. This
observation lies at the heart of Herzberg’s theory.
Herzberg’s Two-Factor Theory (or Motivation-Hygiene Theory) differentiates “motivator factors” from “hygiene factors.” Motivator factors are intrinsic to the work that
is to be done and the primary cause of satisfaction (e.g., achievement, recognition for
achievement, the challenge of the work itself, responsibility, growth, and advancement
opportunities). Hygiene factors are extrinsic to the work itself and the primary cause
of unhappiness when absent (e.g., company policy and administration, supervision,
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interpersonal relations, working conditions, salary, status, and security). Hygiene factors are thus also referred to as dissatisfaction avoidance factors.
Herzberg observed that many changes made to the tasks of workers or to the working environment led to short-term improved levels of employee happiness, but rarely
resulted in the increased levels of motivation anticipated. Employees acted because
some external stimulus had prompted them to act, resulting in a temporary effect on
attitudes, which required the continued presence of stimuli to maintain. Such changes
effectively introduced hygiene factors into a working context in which they were once
absent. They did not lead to increases in motivation, only to less dissatisfaction. To
attain longer-term improvements in actual motivation, and to affect longer-lasting positive effects on attitudes, the stimulation for change needed to come from within, from
what Herzberg referred to as an employee’s own internal generator, and the motivators
need to be designed into the work itself.
Whilst directed at employee motivation and of relevance to work redesign, the fundamental ideas of Herzberg’s Two-Factor Theory have more general applicability to
other settings. Where the objective of any enrichment program is to increase satisfaction and reduce dissatisfaction, the implication is that a composite of separate factors
needs to be considered. To reduce dissatisfaction, hygiene factors need to be taken
care of systemically and on an ongoing basis. To increase satisfaction, motivator factors need to be introduced systematically.
Motivational psychologists further distinguish between those activities that are intrinsically motivated (i.e., performed voluntarily and without reward) from those that
are extrinsically motivated (i.e., performed for an external reward). Consideration of
how intrinsic and extrinsic motivation can operate in tandem with one another is a
pressing concern for education design [Lepper and Henderlong 2000]. In a professional education setting, Grollman [1974] remarks on how the motivators need to be
built into the content of the education, but cautions that “. . . even if a program is educationally sound in all other respects, its degree of success or failure often hinges on
the hygiene factors affecting the total learning environment.”
How to design and run a successful first course in computer programming is a subject of much debate within the computer science education community and its associated literature. Much of this discussion revolves around the choice of programming
language and whether objects should be taught early or late [e.g., Bruce 2005], or
around identifying those factors that are likely predictors of student success on such
a course, such as a student’s self-efficacy, mental model of programming, intrinsic motivation, math background, learning style, etc. [Bergin and Reilly 2005; Wiedenbeck
et al. 2004; Wilson and Shrock 2001]. Such discussion focuses almost exclusively on
the content of the course itself and on what Herzberg would refer to as motivator factors. Less attention has been paid to nurturing the wider environment in which such
motivators can take hold and within which the content can thrive.
In this article, we study the student motivation to work from three viewpoints. The
hygiene factors that have been claimed to cause dissatisfaction and educational program failures are the primary focus of the study. They represent potential misfits in
the course arrangements. The intrinsic and extrinsic motivators of the students are
also both explored so as to understand their role in course success.
3. RESEARCH METHOD

The case study approach was chosen since it fits those studies where there is limited
control over behavioral events and further serves to explain events [Yin 2003]. The
study was designed as a multiple-case study with embedded design and literal replication logic predicting similar results, and with the course success criteria, the pass rate,
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as the primary unit of analysis. Since the boundary with the context is not always selfevident in case studies [Yin 2003], some aspects of the student population, curriculum,
department, and university were explored to provide data triangulation. However, the
study pays limited attention to course staff, since they were participant-observers in
the study itself, resulting in a high risk of biases [Yin 2003]. The individual course implementations over the five-year period represent the five case studies. The research
questions under investigation were the following.
(1) Why did the course have such a low pass rate?
(2) How can the pass rate be improved?
The data collected in the study were stored in a case study database [Yin 2003]. For
each course implementation, the number of students enrolled and the pass rates were
recorded, along with all the deliverables and data on participation in lectures and exercises. Four online surveys were conducted for each course implementation: initial,
midterm, final, and dropout surveys. The initial survey focused on demographic and
starting level data, while the midterm survey tracked progress, and the final survey
focused on the skills after the course and feedback on the course. The dropout survey
was conducted after the course among those students who did not complete all of the
compulsory assignments. The dropout survey was conducted in 2005 through 2008,
but not thereafter, since the number of responses decreased at the same time as the
results stabilized. The students submitted all the weekly assignments and projects
in the virtual learning environment (VLE) that was used [Viope Solutions Ltd. 2010].
This VLE tested programs for correctness and also provided information on login sessions, submission types, and errors. The prior course results between 2001 and 2004
were acquired from the university’s study registry to explore the pass rates prior to
the beginning of the study [Pirinen 2008]. Finally, the course’s instructional staff documented key events in the lectures and exercises in diaries.
The analysis was conducted in two phases, the first annually after each course and
the second after the period of the whole study. Each year, the annual analysis began by
developing a longitudinal view on the course enrollments and the pass rates, as well as
by looking at the completion percentages of the course deliverables. The quantitative
study continued with the survey results and the student submissions in the VLE, then
moved gradually to a more qualitative analysis of the student feedback, supported by
the observations of the course staff. The data were triangulated from multiple sources
and rival explanations were created for the observed problems by multiple persons
involved in the course and engaged in teaching in the department. Once plausible explanations for the problems were identified, practical solutions were developed based
on the literature and staff experiences. The analysis of the whole study began by
forming a list of all the problems observed and all the actions taken during the period
of the study. This list was analyzed following the open, axial, and selective coding
ideas of Grounded Theory [Strauss and Corbin 1998]: first, the problem categories
were identified based on the problems observed in the study; second, the relationships
between the categories were explained; and third, the categories were refined to arrive at an integrated set of problems. The present study provides limited cause-effect
analysis in the form of statistical analysis for two reasons. First, statistical analysis
evaluates the correlation between observed effects and their causes, but these were
not all known prior to the study. For example, the study revealed that student motivation should be treated as three separate factors rather than just the one, as hygiene
factors, intrinsic motivators, and extrinsic motivators. Thus, due to a limited prior
understanding of the problem domain, this study did not build on statistical analysis
(cf. Gill and Jones [2010]); rather, it used the case study approach to explain causalities
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[Yin 2003] and to identify previously unknown factors impacting the outcome.
Second, the course improvement effort was considered ethically more important for the
students than finding out the correlations, and thus many improvement actions were
undertaken whenever possible; this made estimating the effect of individual actions
problematic.
In the spring of 2010, the study reached closure according to the two criteria suggested by Eisenhardt [1989]: “researchers should stop adding cases when theoretical
saturation is reached” and “the iteration process [between theory and data] stops when
the incremental improvement to theory is minimal.” The definition of theoretical saturation is the one suggested by Glaser and Strauss [1967]: “Theoretical saturation is the
point at which incremental learning is minimal because the researchers are observing
phenomena seen before.”
The study was documented as a manuscript and validated by the wider departmental staff. All the case study descriptions were first written down in a standard format
and causal explanations were developed to identify the entities and the mechanisms
that connect them and combine to cause events to occur [Easton 2010]. Rival explanations challenging the results of the study were subsequently developed to consider the
collected evidence from different perspectives [Yin 2003]. The case study descriptions
were then pruned to focus on the key issues only. The final manuscript was validated
from the departmental point of view by three people: the Head of the laboratory responsible for the software engineering curriculum and the present implementation of
the course, the Head of the IT Department, and a lecturer who had given an earlier
version of the course in the 1990s. The latter two people have been staff in the department since the 1980s.
4. A FIVE-YEAR LONGITUDINAL STUDY

This section introduces the CS1 course that is the subject of the longitudinal study in
Section 4.1 and provides a systemic course definition for it in Section 4.2. The replicated case studies are presented in Section 4.3 and a cross-case analysis is provided in
Section 4.4. The section closes with a summary of the issues and actions in Section 4.5.
4.1 The First Programming Course

The first programming course, Fundamentals of Programming (CS1), has been a part
of the curriculum of the Department of Information Technology (IT) at Lappeenranta
University of Technology (LUT) since the establishment of the department in 1986.
Starting in 2001, the CS1 course was offered in two variants: course A for IT majors
and other students who needed to acquire programming skills; and course B for those
students who needed to understand the application of programming without necessarily acquiring actual programming skills (e.g., management students). All the students
attended the same lectures and undertook the same programming assignments but,
to reduce the course demands, the course B students did not complete a programming
project and they did not attend the weekly two-hour teaching assisted lab sessions.
Only the course A students were permitted to continue on to those other IT courses
that demanded programming skills, such as Data Structures, Design of Algorithms,
and Fundamentals of Object Oriented Programming.
The course contents in 2005 covered the basic programming concepts of iteration,
branching, data structures, pointers, functions, recursion, error handling, dynamic
memory handling, and linked lists in the C programming language. It also covered the
fundamentals of problem solving, documentation, and algorithms. The 14-week course
consisted of 35 hours of lectures, with 28 additional hours of exercises for the course
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Table II. The Elements of a Systemic Course Definition with Their Key Attributes
Course
Description

Technical
Infrastructure

Teaching

Support

Assessment

Learning objectives

Programming tools

Lectures

Lecture videos

Prerequisites

Study materials

Theory and
practice

Scope
Philosophy

Course assignments
Policies

Processes

Teaching
assisted open
labs
Discussion forum
Office hours
E-mails
VLE hint system

Final exam under
supervision
Assignments
evaluated weekly

A variant. The student workload was 162 working hours in total for course A and 135
working hours in total for course B, which equaled 6 and 5 European Credit Transfer
and Accumulation System (ECTS) credits respectively (1 ECTS credit equals 27 hours
of total student effort in Finland [European Commission 2009]). Since the course was
aimed at first year Bachelor students, it was given in Finnish only.
4.2 A Systemic Course Deﬁnition

The success of an educational program depends on the faculty, the student body, and
the infrastructure, along with industry involvement to keep the curriculum relevant
and current [Joint Task Force for Computing Curricula 2004]. Since the analysis of
the CS1 course under study indicated deficiencies in the infrastructure (Section 4.3.1),
the course revision started with a revision of the technical infrastructure (i.e., laboratories and classrooms, literature, and a suite of applicable software tools [Joint Task
Force for Computing Curricula 2004]), along with changes in the assessment so as to
engage students right from the beginning of the course (Section 4.3.2). The role of
the course in the overall curriculum was then revisited in 2007 (Section 4.3.3) and the
students were provided with an increasing amount of support material (Sections 4.3.3
and 4.3.4). The teaching itself underwent changes from the beginning of the study
period (Sections 4.3.1–4.3.5). Thus, our inductively developed systemic course definition covers all the key areas of the course: course description, technical infrastructure,
teaching, support, and assessment (Table II).
A more systematic approach would have been to identify all the variables affecting the course results and attend to each of them, but it would have been impractical to do so. Gill and Jones [2010] report on the use of over a dozen variables
associated with course design/delivery alone, which they note as being far from an
all-inclusive set, and state that: “No attempt was made to postulate the variables
necessary to adequately capture the attributes of instructors, content, instructional
technologies, or students.” Consequently, only five elements were identified (cf. [Miller
1956]) to make an interaction analysis between the elements feasible when planning
changes.
The course description element serves as an interface between the curriculum and
individual courses. Considering a curriculum as a process in which different courses
represent steps that focus on specific knowledge and skill areas, the learning objectives of the curriculum can be allocated to individual courses to define the expected
knowledge and skills for the students enrolling in a particular course. This top down
approach establishes a clear division of goals and responsibilities for different courses,
and makes it straightforward to manage the course prerequisites and scopes. Finally,
the overall course philosophy was active learning, which we define as instructional
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activities that encourage students to learn to program by doing programming and
thinking about what they are doing (cf. Bonwell and Eison [1991]).
The technical infrastructure element comprises the tools used in the course,
such as editors, compilers or interpreters, Virtual Learning Environments (VLEs),
programming and debugging processes, the course Web site, and plagiarism detection tools. It also comprises the study materials, such as programming guides, books,
and lecture materials. The course assignments include both weekly assignments and
a course project, and the policies represent the course rules. The course policies are
defined as technical infrastructure to make it possible to adapt them every year, for
example, as a response to changes in the environment (cf. Gill and Jones [2010]).
The teaching element focuses on the actual act of educating the students, the
process whereby an instructor actively explains the study material to students and
demonstrates how tasks can be completed. Teaching can be carried out in many ways
but, since the CS1 classes at LUT have more than one hundred students, lecturing is
the primary means of instruction. The teaching covers both theory and practice with
the aim of providing the students with a model for developing programs and solving
problems. In addition to demonstrating the programming process to students, lectures
are also used to demonstrate common programming mistakes and ways to solve them.
The support element addresses the fact that many students need extra help and
practice. In contrast to the teaching element, the students need to take the leading
role to benefit from the support element. For example, video recording the lectures
and making the videos available allows students to reexamine how the tasks were
completed in the lecture. The more traditional forms of support include office hours, email correspondence with students, open labs where students can come and ask questions at their own pace [Thweatt 1994], and different discussion forums to get help
from peers or teaching assistants. Additional support is provided via a simple form
of intelligent tutoring system (cf. Hume et al. [1996]) where programming hints are
provided by the VLE.
Finally, course completion requires passing the assessment element. The learning
outcomes are evaluated in the final exam, which forms the basis for course grading,
even though the completion of the weekly assignments and the course project are also
considered. The final exam is the only deliverable that the students complete under
supervision to assure that the grade is representative for that student.
4.3 Replicated Case Studies

The present study started when the instructor teaching the CS1 course at LUT
changed in the fall of 2005. Since the course was run once a year thereafter, and the
courses were unconnected, the five years that are the focus of the study represent logical replications with the same goal of improving the course success (i.e., the pass rate).
Figure 1 summarizes the main changes that were undertaken for each year of the case
study focusing on the key elements of the course. Smaller changes were undertaken
continuously as and where feasible. In the following subsections, the five case studies
are presented chronologically. The subsections follow a similar structure. First, the
problems and changes particular to each year are summarized, and then the results of
making the changes are reported. The results include participation statistics for every
case study, as well as data specific to the individual years that proved important in
that study. The mechanisms affecting the course results are hypothesized and the key
development needs for improving the course further are presented.
4.3.1 Exploring and Analyzing in 2005. Discussions with the IT department staff at LUT
before the course of 2005 brought up two major issues with the prior status of the first
programming course. The student programming skills were found to be deficient when
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Fig. 1. The course timeline for the study period, indicating the main changes to the course elements
each year.

it came to the follow-on courses and the students participating in the course were felt
to have immature study practices. As examples of immaturity, the students returned
coursework from previous years at any time during subsequent years and expected
that they would be evaluated and graded immediately, the student participation in the
lectures and exercises was limited, and the students expected solutions to the exercises
rather than help in the attainment of these solutions. Due to the focus on exploration
and analysis of the course problems in 2005, only two changes were undertaken to
the course implementation itself. The course A variant introduced a new and simpler
project, focusing on file and string operations without linked lists, and a policy of not
accepting partial coursework from previous year courses was enforced.
A new instructor taught the course in 2005, while two of the three teaching assistants remained constant from the prior year. As in the previous year, the course
included 35 hours of lectures based on 347 lecture slides compiled in Finnish by the
previous lecturer, and the students had to submit 30 small C programs in the Virtual
Learning Environment (VLE). The role of programming in the lectures was increased,
however, by advancing the first programming demonstration to the third lecture and
by going through two to five programming demonstrations in each lecture. The course
assessment was based on the exam result, but students could get 20% extra points by
completing the VLE assignments to schedule during the course.
Only 48% of the 249 students enrolled in 2005 completed all the course assignments
and only 36% got a grade. This was an 8% unit drop from the previous year. A dropout
survey conducted among the failed students (Table III) revealed that the four most
common reasons for dropping the course were schedule conflicts, course requirements,
required amount of time, and motivational problems. Based on the qualitative feedback from the final survey sent to all the students enrolled in the courses (n = 77),
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Table III. Reasons to Drop the Course in 2005

The online dropout survey was sent to 131 students and 53 (40%) responded to the survey. The students
were asked to estimate to what degree the named factors contributed to their dropping the course using
a Likert scale of 1 to 5, 1 being strongly disagree and 5 being strongly agree. The table shows the
average responses for each factor.
Factor
Due to schedule conflicts I could not participate in the lectures and/or do the
required assignments.
I failed to motivate myself enough to complete the course.
Completing the course seemed to require more time than I was willing to invest in it.
The course requirements proved too difficult for me.
The course proved too laborious in comparison with the credit units available.
The course did not prove as interesting as I assumed based on the available information.
Sickness or other personal life event made it impossible for me to complete the course.
The teaching style and methods did not fit me.
I did not get help when I needed it.
I did not understand what the course was about.

Average
3.4
2.9
2.8
2.8
2.4
2.0
1.9
1.9
1.7
1.5

the most difficult part of course A was reported to be the course project, while the
course B students found the programming questions difficult on the exam, reporting
that their overall programming skills were limited. The changes made in 2005 did not
improve the course success.
The data collected did not readily indicate the root causes of the low pass rate
so we had to hypothesize the mechanisms [Easton 2010] behind it. The schedule
conflicts (Table III) are a contingent issue as the study office of the university constructs the timetables such that mandatory courses do not overlap for students taking
the courses during the year of study proposed in the study guide, which is year one for
the first programming course. However, since 60% of the students had started their
studies before 2005, the study office did not account for their schedules. Many of the
other reasons for dropouts were related to motivation (motivational problems, not interesting), workload (required amount of time, not enough ECTS credit) or complexity
(course requirements). The final survey data (n = 77), however, suggested that the
workload was not a real issue—42 of the course A students averaged 85 hours of work,
with a standard deviation of 44 hours and a maximum of 213 hours, while the expected
workload for the course was 162 hours. The majority of the students were, in reality,
working fewer hours than the course demanded of them. The course complexity was
determined to be a real issue. Teaching two course variants with different audiences in
the same lectures made it problematic to achieve the varying course objectives (cf. Bills
and Canosa [2007]; Forte and Guzdial [2005]; Kinnunen and Malmi [2008]). Many of
the students got tired of the lectures trying to serve both audiences and they stopped
coming to the lectures. The study materials were also complex, comprising lecture
slides, VLE study materials, and any other material found in libraries and on the Internet. In the absence of a single reference book for the course, all the course topics had
to be covered in the lectures, resulting in a large package of slides. The slides were not
designed to account for pedagogical issues associated with self-directed learning, such
as thoroughly thought through example programs. The technical arrangements were
also challenging for the students, since programming was undertaken in the UNIX
environment from Windows workstations using the C programming language. Some
students used C compilers that they found on the Internet and different default compilation arguments led to different program behavior on the PCs and in the VLE that
used a HP-UNIX compiler. Observation of the students made it evident that advanced
topics such as memory allocation, pointers, and linked lists were difficult for many
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of them. Further, the students started the course with active participation, but this
diminished as the course progressed. Only during the last few days before the final
course deadlines did many of the students attempt to do all the course assignments,
as demonstrated by the following student comment (the course ended on Dec 9th).
“I have a bad habit of getting a good enough work morale of myself to complete larger course projects only when necessary—roughly two weeks before
the deadline. Consequently, I missed the original project deadline since I
failed to command myself in the extraordinary world of the C-language in
the extent required in November.”
Overall, the analysis suggested that the students enrolled in the course because it
was mandated by the curriculum, but the course itself did not establish clear steps
to help the students complete it. This meant that the same students enrolled in the
course year after year. It also suggested that the students had problems focusing on
learning how to program as they were frustrated by all the surrounding complexities, such as the two course variants with its two goals and audiences, the scattered
study materials, and the technically complex programming environment. The TwoFactor Theory refers to those problems that are extrinsic to the work itself as hygiene
problems.
4.3.2 Technical Infrastructure Revision in 2006. The starting point for the course in 2006
was the perception that, in the attempt to satisfy the requirements for different sets
of stakeholders, the course was distracted from what should be its primary goal to
teach the students to program. Consequently, an attempt was made to revitalize the
course by (1) making a departmental decision to unify the two course variants in 2007,
(2) starting efforts to eliminate the hygiene problems to promote a student’s ability to
achieve the course objectives, and (3) increasing the role of doing programming in the
course.
The ensuing changes covered all of the course elements in 2006. The course description was adapted by dropping advanced topics like pointers, memory allocation,
and recursion from the course content, and an active learning philosophy—doing programming and thinking about it (Section 4.2)—was emphasized. At the same time,
the overall conformance to the Computing Curricula 2001 was confirmed [Joint Task
Force for Computing Curricula 2001]. A new technical infrastructure was built around
the programming language of Python [Python Software Foundation 2010], which was
found simpler and easier to learn than the previously used C programming language
[Kasurinen and Nikula 2007]. However, the language change required a rewrite of all
the course assignments. The number of assignments was increased by a third to 40,
and they were complemented with quizzes. A Finnish programming guide for Python
was developed as the course study material [Kasurinen 2008]. Since the VLE did not
have a module with study materials for Python, a hint system was developed for it.
The teaching itself changed little, except that the first program—print “Hello world”—
was discussed in the first lecture. The weekly lab-based exercises were modified to
allocate students to groups. The course assessment was changed so that 70% of the
final grade came from the exam points and 30% came from the completed weekly assignments. The weekly assignments had to be submitted every Friday by 4 p.m., and
some were designed to be reusable in the course project to encourage their completion.
Two hundred nineteen students enrolled in the course in 2006 and four teaching
assistants ran the labs, two of which were new. The course was completed by 54%
of the students indicating an 18% unit improvement in the pass rate. Based on the
dropout survey, the most common reason for dropouts in the A course was now motivational problems (n = 34), but no significant changes in the underlying problems were
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Fig. 2. Student weekly effort on the course in the VLE, based on the system login and logout data.

observed. The biggest issues in the course appeared to be the project and the lack of
example solutions to the weekly assignments, but many students were also irritated
by the typos in the new course materials. A number of students also reported that they
found the VLE system unfair since they could not return their fixed submission a few
minutes after the deadline, Friday at 4:00 p.m.
Even though no primary data were collected to explain the course pass rate improvement, we hypothesized the mechanisms as course elements that now supported
student learning and the passing of the course. Students now had weekly assignments
to complete for assessment purposes, so they had started working on the course earlier than before. Since, on average, only 42% of the students attended the lectures in
2006, the only way that they could have achieved the course learning outcomes was
through study of the lecture material and the supporting study materials. Following
student frustration at closed group labs, the labs were changed to open labs so that
students could come to ask for help as and when needed, rather than follow an a priori
determined agenda [Soh et al. 2005]. Since the project had proven a problem in the
previous years, some parts of the project were first implemented by way of the weekly
assignments, so students gained a smoother and earlier start with the project. By
advancing the first programming demonstration to the first lecture, the main tool of
the course was presented when the majority of the students, 73%, were present. The
active programming in the lectures continued throughout the course and a simple debugging session was included to demonstrate a troubleshooting process. The students
with good visual memory could recall how things were done in the lectures and others
could re-access the programs developed in the lectures from the course Web page as
needed.
The analysis of the collected course data did not indicate any new major issues.
Based on the login data from the VLE, the weekly average time the students spent
in the VLE during the course varied between 2 to 4 hours (Figure 2). The average
effort for the course (n = 125) increased from 85 hours to 87 hours, while the median
stayed the same (80 hours), and the standard deviation increased from 44 to 52 hours.
Since the student performance in the previous course varied so much, a question on
the prior programming experience of the students was added to the initial survey.
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Based on the survey (n = 159), 42% of the students could not program prior to the
course, 35% knew some basics of programming, and 23% of the students had used
programming languages before. This result confirmed that most of the students were
new to programming and that the course was correctly positioned as the first programming course.
The biggest problem appeared to be the lack of motivation to complete the course
project, even though feedback indicated that the course was doable provided the student just made a serious effort to study the materials. Thus, eliminating the irritating
hygiene factors and improving student motivation to complete the course were judged
as the most important improvement areas to focus on when moving forward.
4.3.3 Curriculum and Project Revisions in 2007. In 2007, the departmental curriculum
was updated by introducing a new course sequence comprising the unified CS1 course
in the fall term of the first year, followed by a new practical programming course with
the C programming language in the spring term, then a revised course on Data Structures and Algorithms in the second year. Each was standardized as a 5 ECTS course.
The changes to the CS1 course focused on the course project and on eliminating as
many of the small hygiene problems as possible.
The technical infrastructure was revised by introducing a new course project and by
fixing problems in the assignments, programming guide, and lecture materials. The
new project, Turtlet, aimed at motivating students with a graphical user interface and
a turtle figure [Kasurinen et al. 2008]. At the beginning of the course, the students received a fully functional application without source code and then, during the course,
they replaced the existing functionality with their own code. The teaching continued
to evolve, targeted at one audience, defined as Bachelor students who could benefit
from programming skills in their studies and careers. As support actions, the solutions to the course assignments were available for all the students in the VLE after
the submission deadline, and an Internet Relay Chat (IRC) channel was established
to facilitate support from peers and teaching assistants. The assessment was changed
to reduce the role of the exam to 60% of the course grade, while the other assignments
accounted for 40%. Extra points were awarded to the first student reporting defects
in a weekly assignment, to motivate the students to search and report on problems,
as well as to improve the quality of the assignments themselves. Finally, the previous
year’s VLE login data (Figure 3) indicated that few students were online at 6 a.m., so
the submission deadline was changed for all the weekly deliverables to 6 a.m. This
way, most of the students were expected to have stopped working on their assignments well before the deadline. The previous deadline of 4 p.m. coincided with the favored time of most students to actually work on their assignments, so it led to student
dissatisfaction.
One hundred sixty-one students enrolled in the course in 2007 and two teaching
assistants with previous course experience ran the labs. The course was completed by
65% of the students indicating a 12% unit improvement in the pass rate. However,
even though the pass rate had improved, the learning outcomes were not impressive.
Baker et al. [2008] proposed a Bayesian Knowledge Tracing algorithm that can be
used to estimate programming skills, and we analyzed 658 suitable source files from
our VLE to estimate how well the students had learned some of the key concepts from
the course [Kasurinen and Nikula 2009]. The percentage of the students that were
estimated to have learned the concepts varied between 46% and 67% (Figure 7, Section
4.4). In 2006, the course project was completed by 81% of the students who completed
all the weekly assignments, while in 2007 this figure was 92%. Furthermore, 21%
(23) of the students completed the project in 2007, even though they did not complete
the required amount of weekly assignments. The discussion channel received divided
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Fig. 3. The VLE system recorded each student session by the login time and duration. Since the average
duration of the sessions was 28 minutes, the intensity of the system use can be estimated by looking at the
number of sessions started at different times around the clock during the course—the system was used the
most at 5 p.m. and used the least at 6 a.m.

acceptance, reported as very useful by 12% of the students (n = 90), whereas 71% of
the students had not used it at all.
The changes made in 2007 had few directly visible consequences, so the mechanisms
of interest focused on the absence of misfits. In 2007, 88% of the students passing the
course responded to the final survey while a year earlier, with all the major changes,
some students who did not pass the course responded to the survey, resulting in a response rate of 109%. Equally in 2007, the number of qualitative comments decreased
by 42% and their total word count by 63%. Only 25% (14) of the failed students returned the dropout survey, yielding no new insights into issues. In general, 39% of
the passing students gave feedback on the course from which about two thirds were
positive including, for example, acknowledgements for giving points for defect reports
and the transition to less mathematical assignments. The new Turtlet project also
received positive comments, such as “coding is much nicer when the system visualizes the effects of the commands,” but it was also found to “limit the creativity,” and
some students expressed that they would have rather done some “real programming.”
The varying perceptions of the course were demonstrated by the following two student
comments in the final survey.
“This is definitely one of the hardest and most annoying courses since the
assignments had to be returned every week. I missed some weekly assignments when I was on holidays since the time for doing the assignments was
so short.”
“Well, the fire and brimstone like feedback from the last year will not repeat
itself anymore. In the beginning I copied most of my programs from the
last year, but when I started to read up on it and continued to work on the
assignments, I even started to understand what was going on there.”
Overall, we hypothesized that those students not taking the course at the university prescribed time had two major problems: course scheduling issues that prevented
lecture attendance and prior negative experiences of the pre-Python version of the
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course. For students in general, the main problems appeared to be the inaccuracies in
the assignments and the increasing number of individual preferences in the way the
course was run, as evident in the comments above. However, the simpler one-course
structure started to ease the implementation and administration of the course for the
staff.
4.3.4 Stabilizing in 2008. Faced by the prospect of reductions in course resources, coupled with the teaching assistant who had implemented most of the changes in the technical infrastructure in the past two years moving to a new project, no major changes
were undertaken in 2008. The biggest change was starting to record and publish videos
of the lectures. Since 2005, the role of coding in the lectures had steadily increased
and, by 2008, most of the lecture time was spent writing and discussing code. This
was shown on the lecturer’s laptop. Everything the students saw on the projector
and heard in the lecture hall was also captured on video and released unedited on
the course Web page. Another change was the introduction of additional voluntary
assignments, following student requests. A visual learning tool was adopted [Rajala
et al. 2009] in the tenth lecture of the course and the students could get extra points
for their course grade by doing the associated assignments. This change was done on
an experimental basis and the assignments did not replace compulsory assignments.
A third change concerned the course assessment, which was simplified by adding a
real-time report of the earned points and cumulative point gains in the VLE.
One hundred seventy-five students enrolled in the course in 2008 and two teaching
assistants ran the labs, one with previous experience of the course. The course was
completed by 61% of the students, indicating a 4% unit decrease in the pass rate. On
the positive side, 47% of the students got extra points from the voluntary assignments
and many students praised the lecture videos. The perception that the course was
improving was further supported by receipt of the student union excellence award for
its course materials.
In 2008, the student motivation to complete the course assignments caused concern.
During the course, 133 students received sufficient points to pass the weekly quizzes
and 129 students passed the weekly assignments, but only 126 of them passed both.
The project was completed by 114 students, but only after two deadline extensions.
Four days before the original deadline, 54 students had returned the project and, by
the deadline itself, only 79 projects were returned. Due to a misconception among the
course staff, a two-week extension was announced two days before the original deadline, which may explain the low count of projects by the original deadline. By the new
deadline, 101 projects were returned. Another extension of the deadline by one week
resulted in additional submissions and 114 projects were finally returned acceptably.
Even though the number of accepted projects increased by 7 from 2007, the change was
not statistically significant ( p = 0.10) using the two-tailed two-proportion z-test and
could simply be due to chance. However, the late start on doing the project, as well as
the limited interest in completing all the compulsory assignments, was striking—only
40% of the students who returned the project acceptably after the original deadline
contacted any of the teaching staff about it, even though they were instructed to do so.
Overall, it seemed like completing all the compulsory assignments was not very important to the students and, from the course management point of view, this became a
serious problem.
The usefulness of different course components was studied in the final survey. The
students rated the usefulness of each of the 13 items with a 5-point Likert scale from
1 (totally useless) to 5 (very useful), including a Not Applicable option. Ordering
the responses by the average usefulness, in decreasing order, produces the following
list: programming assignments, programming guide, personal help, exercise sessions,
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programming examples, lecture videos, lectures, lecture slides, course project, quizzes,
optional assignments, hints in the VLE, and the discussion forum. This supports our
initial perception of the importance of the active learning philosophy, together with
clear study materials.
Overall, it appeared that the course had resolved most of the hygiene problems and
that students were fairly satisfied with the course. From the student point of view,
the main problem was still the inaccuracies in the weekly assignments. From the staff
point of view, the project needed a more systematic implementation because permitting
deadline extensions to encourage submissions was not ideal, and signs of plagiarism
brought concern.
4.3.5 Preparing for Infrastructure Revision in 2009. The announcement of Python 3 at the
end of 2008 created a need to upgrade the course tools, since the course philosophy
was to use the newest available stable release of a language. However, the upgrade
was postponed because Turtlet used libraries that had not yet been ported to version
3. Thus, the main change in the technical infrastructure was adopting the previously
tested program comprehension tool as a standard tool within the course, plus a requirement to complete 40% of the associated assignments to pass the course. In the
teaching element, the last lab session of the week was announced as a closed lab to
offer extra teaching to the students struggling with the assignments. The course assessment was changed so that the students could get 10% extra points by doing all
the course assignments and an initial version of the project had to be presented in an
intermediate project checkup three weeks before the final submission.
One hundred fifty-seven students enrolled the course in 2009 and two teaching assistants ran the labs, one with previous experience of the course. The course was
completed by 68% of the students indicating a 7% unit increase in the pass rate. The
programming knowledge estimation study was replicated by following the procedure
developed in 2007 (Section 4.3.3), which showed a 14% unit improvement on average
in the results (Figure 7 in Section 4.4). 111 students passed the intermediate project
checkup and also completed the project. The student grade average increased 10%
from 3.14 to 3.46 and the standard deviation decreased from 1.29 to 1.26. However,
even though the grade distribution now resembled a more normal distribution than
before, the grading system still left room for improvement. Since the dropout survey
had stopped providing insights, it was not issued in 2009. Also, the feedback from
the final survey (n = 100) had become positive and less useful for ongoing course improvement. For example, 13 of the 77 students (17%) suggesting development needs
noted the time of the lecture, Monday morning at 8 a.m., as a problem. Even though
the changes had removed much of the accidental complexity of the course, it still contained a fair amount of essential complexity reflected by the number and nature of the
topics covered (Table IV).
Analyzing the mechanisms affecting the course results in 2009, the most interesting revolved around the intermediate project checkup. 81% of the submissions were
completed unaided, 9% were completed after some help from an assistant, and the
last 10% were completed within a planned three-day extension and with some extra
help. All the students passing this intermediate checkup also passed the final project.
The possibility to get extra points resulted in improved course results, which was also
noted in the final survey as a motivating factor. The closed lab experiment failed, however, since the students who came to this session announced that they did not want the
closed format, just hints to help solve their problems. Despite the positive feedback on
the program comprehension assignments in 2008, the feedback in the 2009 final survey was not very positive, and the students reported that the assignments were more
annoying than motivating.
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Table IV. The Main Contents of the Course by the End of the Study in 2009
Program
execution

Data
structures

Processes

Design
alternatives

Architecture

Algorithms

Tools

Sequential

Variables

Development

Modules

Steps

Branching

Data
types

Testing

Interfaces

Program
efficiency

Python
language
IDLE
editor

Loops

Dynamic
structures

Debugging

Functions

Objects

Troubleshooting

Files: text
binary
User interface:
char vs.
graphics
Development:
agile vs.
plan driven
Programs:
imperative vs.
object oriented

Exceptions

Files

Compiler/
interpreter
Virtual
learning
environment
Debugger

From the student point of view, the course brought up problems associated with
managing the many kinds of assignments and tools used in the course. From the staff
point of view, the most important problem was the need to upgrade to Python 3 to
comply with the course philosophy of keeping up-to-date with technology. The minor
issues included reconsideration of the intermediate project checkup timing, since 21%
fewer weekly assignments were returned in the week of the checkup in 2009 than in
2008. Also, the grading system appeared too generous, so tuning it more toward the
normal distribution appeared justified.
4.4 Cross Case Analysis

Every course implementation since the fall of 2005 was followed by a final survey. Two
questions in the survey asked the students to grade the teaching methods used and
the course as a whole using a Likert scale from one to five. The teaching methods
received an average grade of 3.64 in 2005 and 4.02 in 2009, while the overall course
grade was 3.34 and 3.86 respectively. During the five-year study period, the study
methods improved 11% and the overall grade improved 16%.
Figure 4 shows the student enrollments in the course between 2002 and 2009, together with the course pass rates. Based on the study registry data, the course had
more than 400 students enrolled prior to 2005, but only 44% to 47% of them passed
the course annually. In 2005, along with the lecturer change and the changes in the
course itself, the pass rate dropped to 36% at the same time as the student enrollments
dropped by 44%. Another larger change in the course enrollments took place in 2007
when the number of enrollments dropped by 26% from 219 to 161. After a statistically
significant improvement in the pass rate in 2006 and 2007 (z = −3.91, p = 0.001 and
z = −2.15, p = 0.05 respectively), the improvement dipped in 2008 from 65% to 61%
and reached 68% in 2009, without the changes being statistically significant.
The larger drops in the enrollments in 2005 and 2007 (Figure 4) suggest curricula
level changes in the role of the course, since the percentage of students entering the
university dropped only 6% and 4% respectively. An analysis of administrative events
revealed that, up until 2004, all the universities in Finland offered only five-year curricula leading to a Masters degree but, to comply with the Bologna treaty [European
Commission 2010], two-level degree curricula with both Bachelor and Masters degrees
were adopted in all the Finnish universities in the fall of 2005. In January 2007, the
LUT organization was itself revised by introducing another layer in the organizational
structure, referred to as faculties, and the departments became administered through
these faculties. As a result of both of these contingent events, all the curricula in
the university were revised and the role of CS1 was altered in many of them at the
same time.
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Fig. 4. Student enrollments and pass rates between 2002 and 2009.

Fig. 5. The percentage of students completing the various course elements. The Exam missing category
refers to students that miss only the exam from the course completion, while the Assignments missing
category refers to students who did not complete all the assignments and need to enroll in the course again.

Starting in 2005, detailed data were collected regarding the course results and the
completion of the course assignments (Figure 5). After the major course revision in
2006, the percentage of students who missed only the exam had been below 4%. The
fact that 21% to 9% of the students did nothing but enroll in the course could be attributed to the fact that university education is free in Finland and, consequently,
this behavior is somewhat prevalent. The biggest issue for the course was that some
students completed only a portion of the course assignments. This group of students
varied between 31% and 20%, and continues to be the main challenge for the course
improvement today.
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Fig. 6. The proportion of the different majors of the enrolled students, before and during the study.

In an attempt to clarify the reason for the changes in the results, data were collected on the students’ majors (Figure 6). The greatest change took place in 2005 when
the student enrollment in the course fell from 441 to 249. Even though the changes
were large for some majors (e.g., the number of Mechanical Engineering students fell
by 76 (76%) and the number of Industrial Management students fell by 48 (48%)), the
changes occurred fairly evenly across all the enrolled majors and the proportion of different majors did not vary substantially. The greatest change in the pass rate occurred
in 2006 when there was less change to the overall distribution and numbers of the various majors. In 2007, the distribution of majors was temporally disturbed since all the
Environmental Technology majors were required to take this course. Finally, in 2009
the major of 66 students was not known since this information was no longer readily
available for the students majoring in Energy Technology, Environmental Technology,
and Electrical Engineering.
The programming knowledge of the students was first estimated with the Bayesian
Knowledge Tracing algorithm in 2007 [Kasurinen and Nikula 2009], and the study
was replicated for the course of 2009, based on 658 and 651 submissions from the
VLE from 120 and 109 students respectively. Both of the estimates are shown in
Figure 7, which indicates that all the studied constructs had been learned by 80% to
91% of the students ( p = 0.05). The figure also shows that the results had improved by
10% to 26% units in the 2009 study. The results have not yet been studied in depth,
so there is no definitive explanation for the improvement, but the outcome suggests
that the course results are also improving with regard to the learning of the program
constructs since the studied constructs have not received any special attention in the
course improvement efforts. While the instructors of the follow-on courses reported
deficiencies in their students’ programming skills prior to the study (Section 1), only
anecdotes of a positive gut feeling were provided thereafter and no systematic studies
on the topic were conducted. The absence of misfits is not always as easy to observe as
their presence (Section 2.1).
In the ideal situation, all the students would take the course only once and as scheduled. However, since many students enroll in the course multiple times, one interesting performance metric is the percentage of students enrolling in the course for the
first time (Figure 8). We therefore gathered data on the number of previous registrations by the students as part of the initial survey on the course. As a result of the low
pass rate in 2005, only 41% of the students participated in the course for the first time
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Fig. 7. The estimated programming knowledge in 2007 and 2009. The programming constructs used in
this exploratory study were those that had data suitable for the analysis procedure [Kasurinen and Nikula
2009] and do not reflect our view of the most important programming constructs. The Files category refers
to file handling (open and close), Break and Continue refer to exiting from a loop, Lists refers to a dynamic
data structure, Exceptions refers to error handling, and Functions refers to the use of subroutines (calls
and parameters). The analysis estimates the probability of learning the construct of interest based on the
pattern of correct versus incorrect use in the submissions [Baker et al. 2008].

Fig. 8. Number of course enrollments.

in 2006, while the figure was 67% in 2008. The percentage of students who enrolled in
the course more than twice also reduced between 2005 and 2009, from 15% to 10%.
4.5 Issue and Action Summary

Table V summarizes the main problems addressed by the course improvement work
during the study. As explained in Section 4.3, each course description in Sections 4.3.1–
4.3.5 starts with a description of the problems being tackled and the changes being
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made, and closes with a summary of the further development needs identified.
The identified needs do not always match the actions taken for the consecutive
courses since the tackling of some problems required background work and were thus
addressed over multiple years. This applied to the confusion that resulted from running two course variants (Problem 2.1 in Table V) and the required change in the programming language (Problems 2.3 and 2.6 in Table V). Also, tackling some problems
required additional resources, so these could only be implemented when resources became available. In particular, a research assistant was hired in the spring of 2006 to
develop the Python course materials (Problems 2.3 and 2.6 in Table V) as a Bachelor
thesis [Kasurinen 2006], and another undergraduate student implemented the new
project with a graphical user interface (Problem 1.3 in Table V) as a Bachelor thesis
in the summer of 2007 [Pirinen 2008]. Therefore, the action selection was guided by
the perceived importance of the problems and the available resources (cf. triage [Davis
2003]); major changes, such as offering genuinely different courses for different majors
(cf. [Guzdial 2009]), were not considered economically feasible from the outset.
Table V shows three problem categories: student related, course complexity, and
general problems. The study suggests that many students had limited intrinsic motivation towards introductory programming and completing the course, and they also
had immature study practices.
The course complexity in Table V is described as four subtopics: goal, substance,
implementation, and technical complexities. The goal complexity refers to multiple
and/or unclear course goals, and the substance complexity reflects the fact that programming involves a number of topics that are non trivial. The technical complexity
cannot be avoided totally in a practical discipline such as programming while the implementation complexity is, in many cases, accidental and avoidable.
The general problems covered contextual issues such as staff resource limitations,
university control systems, and technological development in the problem domain.
Changing a course and increasing the number of student assignments required extra resources, but a course revision should, in the long run, aim at optimizing the
resource needs and uses. The study demonstrates that directing the student behavior
with extrinsic motivators requires a holistic control system to be effective. In particular, some students did not seem to have any pressing reason to complete the course
before graduation, since that was the only time its completion was checked for—not,
for example, when they enrolled in a new course with CS1 as a prerequisite. Finally,
technical progress cannot be halted, but there is a need to adapt to available tools and
technologies.
5. DISCUSSION

This section of the article discusses the research questions we originally posed
(Section 5.1), the lessons learned (Section 5.2), their implications (Section 5.3), and
the limitations of the study (Section 5.4).
5.1 Research Questions

The research questions of the study are discussed in Sections 5.1.1 and 5.1.2, and the
key rival explanations are explored in Section 5.1.3.
5.1.1 Why Did the Course Have Such a Low Pass Rate? The low pass rate for the studied course resulted mainly from three factors: programming as a discipline, course
arrangements, and student behavior. First, learning to program is not easy. This is
evidenced by a wealth of literature since the 1970s. The present study supports the
perception that programming bears a certain amount of essential complexity and
learning to program requires a conscious effort. Second, the course arrangements
ACM Transactions on Computing Education, Vol. 11, No. 4, Article 24, Publication date: November 2011.

Problem Description

Students returned course projects when it suited them,
without adherence to the given deadlines.

Students worked only when deadlines approached.

Students lacked of a serious desire to complete
the course, demonstrated by the fact that
only few students utilized the deadline
extensions offered.

Students had other lectures at the same time
as this course, since the study office checked
only the freshmen for schedule conflicts.

Two course variants with different learning objectives
shared the lectures and most of the assignments.

The course used the C programming language, since
the IT faculty required that the students know it
when they start the second year studies.

Course covered advanced topics like memory
allocation, pointers, and linked lists.

Students had problems to memorize the tasks
that were done in the lectures, since programming
involves many processes and requires a lot of
detailed information.

Students had problems understanding programs.

The course used an HP-UNIX C-compiler, since
the VLE used it for testing the assignments. In the
labs, the students accessed UNIX workstations from
Windows PCs with terminal connection software,
even though students were not well versed in UNIX.

ID

1.1

1.2

1.3

1.4

2.1

2.2

2.3

2.4

2.5

2.6

Technical and
implementation
complexity

Substance and
implementation
complexity

Substance and
implementation
complexity

Substance and
goal complexity

Goal complexity

Goal complexity

Lack of motivation
Implementation
complexity

Lack of motivation

Immature study
practices

Immature study
practices

Problem Category

Adopted a new integrated development environment
with a simple editor, interpreter, and debugger that
was available for most operating systems [Python
Software Foundation 2010]. Students could use the
same tools at home that were used in the labs, in
lectures, and by the VLE.

Introduced a new program visualization tool
[Rajala et al. 2009] with voluntary assignments;
assignments became compulsory in 2009.

Recorded the lectures, the events on the lecturer laptop
and talk, to offer support for different learning styles
and allow checkup of details from the lectures
later (see 1.4).

Revised course contents and moved the
focus to basic programming concepts (see 2.1).

Introduced a new course focusing on the C-language
for the first year spring term (see 2.1).

Eliminated the course variants and introduced
two courses with clearly sequential goals: one for basic
programming concepts and a follow-up course for
advanced programming concepts.

Developed study material (see 2.10 below)
and started recording the lectures to make
off-line listening and viewing possible (see 2.4).

Introduced a project with a graphical user
interface and a turtle figure; initial parts
of the project were done as weekly
assignments.

Introduced weekly quizzes and assignments in 2006, with
a requirement to complete at least 40% of them;
introduced intermediate project checkup in 2009.

Enforced a policy of accepting deliverables
only by the given deadlines.

Actions Taken

2005

2008

2005

2005

2005

2005

2005

2005
2008

2005

2005

Observed

2006

2008
2009

2008

2006

2007

2007

2006
2008

2007

2006
2009

2005

Acted
Upon

The IDs group the problems in three groups: student-related problems (1.n), course-related problems (2.n), and general problems (3.n). The issues are ordered by the three
groups and by the problem categories.

Table V. Observed Problems in the Case Studies with Problem ID, Description, Category, Summary of Actions Taken, Year(s) Observed, and Year(s) Acted Upon
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Problem Description

Students used C-compilers that they found on
the Internet and different default compilation
arguments led to different program behavior in
the PCs and in the VLE.

Course project focused on topics that were introduced
late in the course and the project deadline was set a
month after the course closing.

Students observed many defects and improvement
needs in the assignments, the study guide, and the
course in general.

The main study material in the course was the
lecture slides with links to websites and discrete
books on the C programming language. This made
it hard to give students clear study assignments
and examples to look at for help with
specific problems.

To assure that every student completed the
assignments and project by her/himself, students
had individual assignments, which limited
collaboration also in learning.

Course grades varied a lot and had a
a distribution resembling a two-humped camel.

Increasing the amount of student assignments
and tracking of progress required a lot of
effort both before and during each course.

Python 3 released and announced to be
incompatible with version 2 which made a manual
code review unavoidable.

The teaching assistant actively implementing
improvements in the course left the project.

The completion of the prerequisite courses was
not checked when students enrolled in new courses.

ID

2.7

2.8

2.9

2.10

2.11

2.12

3.1

3.2

3.3

3.4

Lack of
systemic oversight

Course resource
reduction

Course maintenance
effort

Course maintenance
effort

Implementation
complexity

Implementation
complexity

Implementation
complexity

Implementation
complexity

Implementation
complexity

Technical and
implementation
complexity

Tried to achieve better course results, passing
the course with one enrollment, since could not
introduce extrinsic motivators.

Reduced the improvement plans and focused
on smaller issues.

Planned technical infrastructure upgrade for the
course of 2010.

Elimination of the course variants started reducing the
maintenance effort (see 2.1) and the course revision
planned for 2010 (see 3.2) has the same aim.

Experimented with a point collection system
without fixed quotas for different activities.

Introduced an Internet Relay Chat channel for the
course to allow discussions among the students and
with the teaching assistants in a controlled
environment.

Developed a Finnish language Python programming
guide [Kasurinen 2008] and made it freely
available as a PDF-file; the guide became the
definitive study material for the course focusing
on the course contents only.

Fixed defects as found, addressed improvement needs as
feasible, and started rewarding students for reporting
the defects.

Introduced a new project focusing on concepts discussed
earlier in the course and moved the the project deadline
to the end of the course.

Started using an open source development environment
that was freely available for all the parties involved
in the course, also for the students (see 2.6), and fixed
the tools used and their versions in the beginning
of the course.

Actions Taken

Table V. Continued
Problem Category

2005

2008

2009

2006

2007

2007

2005

2006

2005

2005

Observed

2006
2008

2008

2010

2007

2009

2007
2008

2006

2006
2007

2005

2006

Acted
Upon
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were observed to include four kinds of complexities—goal, substance, implementation,
and technical complexities—which all had elements of both essential and accidental
complexity [cf. Brooks 1987]. This made course completion unnecessarily difficult for
students.
Third, part of the student behavior can be explained by intrinsic motivation.
Throughout the history of the course, some students had always completed it successfully, meaning that some students have been intrinsically motivated, or skilled
enough, to satisfy the course requirements irrespective of the complex arrangements.
The importance of intrinsic motivation was demonstrated by the increase in the number of completed projects in 2007, from 81% to 92%, and by the fact that 23 students
completed the game-like Turtlet project even though they did not complete all the
other compulsory assignments. While some students equally criticized the Turtlet
project, the criticism can also be explained by intrinsic motivation and by examining its four aspects: challenge, curiosity, control, and context [Lepper and Henderlong
2000]. Lepper and Henderlong note that “Bruner [1961, 1966] wrote of the importance
of the contextualization of learning—of students’ being able to see, for example, the
relevance and utility of the skills they are being taught in school for solving problems
or accomplishing goals of their own, objectives they would find of inherent personal interest, in the larger world outside of their classrooms” [Lepper and Henderlong 2000].
That is, some would-be engineers in the course did not find the project useful from
their future career or from their present study point of views. The project also limited
their creativity and control over the project, by establishing a framework that dictated
the program structure. Some students were familiar with the LOGO programming
language [Logo Foundation 2010] and due to the visual similarities between the two,
these students exhibited limited curiosity toward the project. Finally, some skilled
programmers took the course each year, and they did not find the project sufficiently
challenging. McWhorter and O’Connor [2009] report similar motivational experiences
from using LEGO Mindstorms in CS1.
Another part of the student behavior relates to extrinsic motivation. The students
that enrolled in the course due to extrinsic motivators, such as because it was a curriculum requirement, as opposed to enrolling due to intrinsic interest in the topic, were
further impeded by the course complexity. Since the passing of the course was only
checked before the students graduated and, in the absence of any systematic checking of the completion of the prerequisite at the time of the enrollment in the later
courses, students could effectively decide for themselves when they actually completed
the course.
Finally, many students dropped the course due to hygiene problems. As the course
complexities started to accumulate, an increasing number of students dropped the
course and blamed the accidental complexities: “the course does not have a book I
could study,” “you need to know UNIX to do the programming assignments,” and “I
cannot attend the lectures since they overlap with the lectures of another course.” The
fact that a 5-ECTS course represents only 8% of the expected annual workload (60
ECTS [European Commission 2009]) also meant that dropping one course a year was
generally not considered very dramatic by the students.
Thus, the lack of intrinsic motivation, combined with the course failure to motivate the students about the course contents, created a situation in which the course
focus moved from the contents to the course arrangements. Herzberg [1968] notes
that dissatisfaction-avoidance, the hygiene factors, are extrinsic to the job itself and,
in the CS1 course context, they can be defined as the accidental complexities in the
course arrangements. In short, the students who were not motivated to complete the
course focused on the problems in the course arrangements, got dissatisfied, dropped
the course, and justified their decision using the hygiene problems.
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Fig. 9. The Three-Motivator Theory: course success can be improved by removing de-motivators, increasing
intrinsic motivators or increasing extrinsic motivators, as appropriate in the course context.

5.1.2 How Can the Pass Rate Be Improved? In this study of a troubled course, the most
useful way to improve the course results was to eliminate the hygiene problems, the
de-motivators leading to dissatisfaction among the students. The main source of the
hygiene problems, the complexities in the course arrangements, was tackled by the
elimination of accidental and undue complexity, and the essential complexity was reduced where possible. Attempts were also made to improve the intrinsic and extrinsic
motivation of the course. The intrinsic motivation was addressed by adopting programming tools and by revising the assignments and project in ways that would be
considered more interesting and useful for the students. The extrinsic motivation was
handled through the course policies, such as no longer accepting assignments from
previous years, requiring students to complete at least 40% of the assignments on
a weekly schedule, and requiring the submission of an initial version of the course
project three weeks before the final submission. Despite the mixed reception of the intrinsic motivators, the extrinsic motivators increased the predictability of the student
behavior among those students who had started to do the assignments.
The de-motivators, together with the intrinsic and extrinsic motivators, played important roles in the improvement of the pass rate for the course. In particular, the
following actions to rehabilitate a troubled first programming course were observed to
work well (listed in the order in which they were tackled).

(1) Eliminate de-motivators by resolving hygiene problems.
(2) Increase intrinsic motivators in the course by making it more interesting and
useful.
(3) Introduce extrinsic motivators to increase the predictability of student behavior.
These three steps are visualized in Figure 9 as the Three-Motivator Theory. This
theory is developed based on the analogous idea of multiple technology S-Curves contributing to overall system performance improvement [Foster 1986], where technology is defined in its broadest sense as the processes, tools, and practices used in
the course. Each new technology aims to eliminate de-motivators, increase intrinsic
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motivators, or increase extrinsic motivators and should, consequently, improve the system performance, in this case the course pass rate. Improvement is slow at first as the
technology is adjusted to the course context and, after a period of steady improvement,
the performance improvement degrades as the technology approaches its natural limit.
In the present study, no attempt was made to establish the limits of different technologies and motivators but, since the reasons for dropping the course varies for different
students (Table III and Section 5.1.3), each motivator can only eliminate part of the
cause for dropouts. Further, maximizing the pass rate requires addressing all three
motivators. The study therefore demonstrates an alternative to the search for a silver bullet [Brooks 1987]: elimination of de-motivators, such as too few programming
assignments and a lack of study materials, can be combined with the introduction
of intrinsically interesting assignments and projects, and course policies can be used
to increase the predictability of the student behavior. Since the form and number of
(de-)motivators is only limited by human imagination, the Three-Motivator Theory
should allow for the achievement of a desired pass rate. The technology S-curve based
performance improvement has been previously demonstrated in industries like software development [Nikula et al. 2010], disk-drives [Christensen 1992], ocean-liners
[Foster 1986], and artificial hearts [Foster 1986].
The order of focusing on the different motivators can vary between organizations
and situations. However, de-motivators would appear to serve as a reasonable first
step, since they focus on the problems that can actively decrease the course success.
Intrinsic motivators are the natural reason for learning, but since not all learning is
or can be made intrinsically motivating for everyone, “some use of extrinsic rewards
may be inevitable” [Lepper and Henderlong 2000]. The motivator type to be tackled
first should be the one that constrains the success the most at present.
5.1.3 Rival Explanations. The previous sections summarized the key factors influencing the low pass rate and how they were improved, but a case study cannot be considered complete before the reader is convinced that all the relevant information has
been collected and considered [Yin 2003]. Thus, the absence of rival explanations in
reporting the course dropouts is first justified and then the main rival explanations for
the improvement are discussed below.
Numerous other papers have studied the reasons for dropouts and, for example,
Kinnunen and Malmi’s [2006] study on the first programming course reports reasons
similar to those reported in the annual dropout surveys conducted in the present study:
lack of time, lack of motivation, perceived difficulty of the course, general difficulties
with time management and the planning of studies, and the decision to prefer something else. Xenos et al. [2002], on the other hand, studied a distance course on Informatics and grouped the dropout reasons into five major categories: professional (62%),
academic (46%), family (18%), health (10%), and personal reasons (9%). Bennett [2003]
equally reports that the student decisions to stay or quit in a large Business Studies
Department were affected by reasons such as financial hardship, personal problems,
commitment, satisfaction, the extent of personal investment, self-esteem, academic
performance, motivation, and stress. Overall, it is evident that dropouts can be caused
by problems in almost any aspect of a student’s educational experience, or simply due
to life circumstances, and an appropriately devised study is likely to surface them.
Thus, rather than just report the reasons for dropouts so as to compare with other
studies, the present study focused on the process of identifying the problems holistically in the course context and on how to rehabilitate the course.
A more controversial issue is the cause of the improved pass rate. Since the improvement took place gradually, rather than abruptly, it is assumed that no single
factor can explain the improvement and the focus is on exploring alternative factors
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for the ones reported in Section 5.1.2. The main rival explanations for the improved
results include the changes in the course personnel, course simplification, the procedural programming paradigm adopted, the programming language used, the Hawthorne
effect [Landsberger 1968], and student characteristics.
All the teaching assistants for the course changed approximately every two years,
so no single assistant was irreplaceable. The instructor, on the other hand, remained
constant over the study period. Since we have not studied the effect of the instructor
on the course outcome, we can only report our personal observations and do so by focusing on two events. First, while the course results were much better by the end of
the study than before it, the performance was even worse than prior for the first course
taught by the new instructor. This initial performance dip in 2005 could be seen as a
sign of the new instructor’s negative impact, but it could also be considered typical for
any big change project (cf. the Classic Change Curve [Elrod and Tippett 2002; Nikula
et al. 2010]). Second, the student feedback on the instructor varied from most negative to most positive comments over the course of the study period. However, to the
best of our knowledge, courses with atypical arrangements tend to raise such extreme
feelings as some students find the changes positive while others find them annoying.
Overall, any good educator should be able to achieve similar results provided that
he/she has the appropriate skills and resources (Section 5.2, the last paragraph) as
well as a desire to go through a rehabilitation exercise such as the one reported in this
study.
Second, the course simplification apparently affected the results but, by looking at
the current course contents (Table IV) and by comparing this with typical introductory
programming course contents [Schulte and Bennedsen 2006], the course does not appear more trivial than any other. Compared with the Schulte and Bennedsen [2006]
results, the course covers eleven of the listed topics, eight topics are covered to some
extent, and nine topics are not in the course scope; the course covers the six most
relevant topics but excludes the seven most difficult topics.
Third, even though the object oriented paradigm is important, we chose the procedural paradigm to assure that the students understood the basic sequential operation
of the computer—all commands are executed sequentially in a predetermined order in
the traditional von Neumann architecture. The students are exposed to objects also,
since Python implements strings, lists, and files as objects.
Fourth, changing the programming language from C to Python simplified both the
programming environment and the language constructs that students needed to learn.
For example, Python has automatic memory management and garbage collection, so
strings can be concatenated with the +-operator without manual memory operations.
Similarly, a list object can be manipulated with append and remove methods without explicit links or pointers. Even though the transition to a simpler language was
supported by many other actions aimed at making the learning easier—for example,
a language specific programming guide was tailored for the course and made available in the native language, free of charge, and even supported by lecture videos later
on—still not all of the students learned to program effectively or passed the course.
Thus, even though the effect of using a simpler programming language was not studied explicitly, our expectation is that any programming language can become a hygiene
factor, hindering the learning of unmotivated students, if it is not accompanied by supporting materials and other motivating factors. This transition alone cannot explain
the outcome of the study.
Fifth, the Hawthorne effect refers to the tendency of people to work harder and perform better when they are observed as a part of an experiment [Landsberger 1968].
However, most of the students changed annually in the study and the role of the
study was not emphasized to the students, even though they were informed about the
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continued course improvement work. Therefore, the Hawthorne effect is unlikely to
have played a significant role in the study.
Finally, the student characteristics may have affected the study results in two
ways. First, the study practices of the first year students appeared immature. For
example, some students noted that they did not want a bad grade and preferred to
drop the course and complete it later to avoid this situation. As a first-term course
for first-year students the study practices must be assumed immature for all their
university-level studies, so the course should try to help the students in acquiring
solid study practices. Second, the characteristics of the students enrolling in each of
the five courses during the period of the study can be assumed to differ due to the
changes in the overall student population. This issue was studied by collecting data
about the students’ majors (Figure 6) and their number of previous course enrollments
(Figure 8), but no factor explaining the results has been identified so far (cf. Guzdial
and Soloway [2002]). While all of these factors played some role in this holistic course
improvement study, these factors were deemed of lesser importance than the ones reported in Section 5.1.2.
5.2 Lessons Learned

The research questions focused on the motivational findings of the study and the systems approach that was used, the Theory of Constraints (TOC), provided the measurement and improvement frameworks for the study. The TOC focus on the system
throughput, the pass rate, was a good fit for studying a troubled course, since it made
it easy to visualize the results both annually and over time. Other courses may benefit
from using more metrics that enable the continued tracking of course improvement,
as demonstrated with the more explorative studies on programming skills (Figure 7).
Overall, a high dropout rate appears to derive from three primary reasons: (1) the
course arrangements not being on a par with the goals; (2) low student motivation
for the course; or (3) the course being used as a “gatekeeper” course to filter students
(e.g., Gill and Jones [2010] and McKinney and Denton [2004]). In a typical course, one
expects the throughput to stabilize to a value that reflects the fit between the course
arrangements and the student motivation.
The TOC approach to considering the system as a sequence of steps was implemented in this study by categorizing the course deliverables into weekly assignments,
quizzes, project, and exam. This division helped to identify the course project as a
bottleneck, constraining the pass rate in 2006, and led to a new project in 2007 with
an increased, albeit divided, interest. The longitudinal view on the student weekly
workload (Figure 2) demonstrated the variance in the weekly workloads, leading to
dissatisfaction among the students. Identifying the different causes of dissatisfaction
is important since, even though such statistical fluctuation evens out for the course as
a whole, the students that drop the course are lost for that year. For example, if 3% of
the students encounter a problem each week that leads to them dropping the course,
the course has only 65% of the original students remaining after fourteen weeks (i.e.,
0.9714 ).
The systemic course definition with course description, technical infrastructure,
teaching, support, and assessment (Table II) served the study well. For example,
it helped to manage all the changes when the technical infrastructure was revised
(Section 4.3.2) and provided a clear starting point for the discussion on the course
goals when the curriculum was revised (Section 4.3.3). The technical infrastructure
included course assignments since their primary goal was to teach the programming
concepts rather than to assess the skills. Also, policies were considered part of technical infrastructure since they provided the instructor with a tool to enforce different
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rules as a response to changes in the course and its environment (cf. Gill and Jones
[2010]). The technical infrastructure was important in the study for three reasons.
First, the course had 141 to 198 active students each year, so automation was required
to manage and assess the students’ weekly assignments. Second, the course was an
introductory course with most of the students having no prior experience of programming or university study, which led to a need for definitive study materials to simplify
the course. Third, the course was a practical course on programming, so the students
had to be exposed to realistic tools. In general, the systemic course definition provided a holistic view of the course, one through which the course could be managed
systematically and the viability of the proposed changes estimated and compared.
Finally, the study revealed the range of skills required of an instructor to take up
holistic course rehabilitation. The study started from the instructor’s vision that the
course results could be substantially improved by changes that helped the students to
learn better. The changes started with the discovery of a programming language that
provided an improved fit for the course needs, but also required intrinsic and extrinsic motivators, an understanding of the hygiene factors, familiarity with the curriculum and related courses, an ability to implement changes in an organization prone to
change resistance, and an idea of how to integrate multiple technologies in a holistic
way. The initial course concept received limited support from both the departmental
staff and the student body, mainly due to the adoption of a language that was not in
mainstream industry use. Thus, the study demonstrates the importance of the course
instructor having full responsibility for a course, and taking into account the needs of
the different stakeholders from faculty, industry, and students, as well as the developments in the problem domain. An instructor rehabilitating a course needs the desire,
the authority, and the resources to implement the changes successfully.
5.3 Implications of the Study

The study has implications at the course, department, and university levels. The study
shows that the fit of a course to students can decrease over time due to developments
in the environment, such as technology changes that change the expectations and required skills of the students. Thus, courses should be kept aligned with changes in the
environment to keep them motivating for the students and relevant for other stakeholder groups. While eliminating the de-motivators that cause dissatisfaction among
students can rehabilitate a troubled course, there is also a concomitant need to present
the topics in an intrinsically motivating way. At the curriculum level, departments
should develop explicit course sequences that build upon the skills acquired in other
courses to increase the student intrinsic motivation to complete the courses as planned.
The departments should also track the performance of their courses to be able to act
on problems early, since rehabilitating a course is a lengthy process. At the university
level, the study shows how the lack of systemic oversight at the highest level can undermine the lower level efforts to change a system. In particular, the university-level
decision to waive the course prerequisite check in the study registry moved the operative decision of the course sequence to the students, which demonstrates the need to
enforce compliance with extrinsic motivators if they are adopted. In general, a competent instructor may be able to deliver a successful course without all the proposed
systemic frameworks. However, as the university teaching resources are cut and the
interests of teachers diversify, such frameworks can prove invaluable to assure high
quality and consistent teaching.
On the theoretical side, the study implications focus on the systems approach
adopted. Even though the Theory of Constraints, with its measurement of system
throughput, the pass rate, and the developed systemic course definition fit the study,
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four important questions remain. First, for a course with an acceptable pass rate, other
metrics are needed to assess the course quality and the achievement of the learning objectives. Second, the focus of the present study on technical infrastructure in
a troubled course raises a question as to whether the absence of de-motivators is a
prerequisite for efficient consideration of the pedagogical aspects, like the learning
styles used in a course. Third, the developed systemic course definition served well in
an introductory technical course with a large student body, but its suitability for different kinds of course settings needs examination. Fourth, the inductively developed
theory on rehabilitating a troubled course by eliminating de-motivators and increasing
intrinsic as well as extrinsic motivators needs further empirical validation.
5.4 Limitations of the Study

The study has four high-level limitations. What started out as a technical study ended
up as a motivational study, the study did not close with definitive cause-effect correlations, the course staff conducted the study, and the study focused only on the first
programming course. Since the study started from the technical point of view, but
turned to motivation, it demonstrates the importance of motivation in the educational
setting. However, it does not cover the literature and data collection on motivation
in the depth that one would expect in a pure study of motivation. The study explored
cause-effect relationships but did not result in a comprehensive framework [cf. Golding
et al. 2009] to identify the correlations between all the factors. The number of factors
observed was large and their selection process included many case specific factors. Gill
and Jones [2010] warn about conducting statistical analyses with insufficient understanding of the problem, and emphasize the importance of in-depth case studies on
how to improve the course success. Yin [2003] also supports this view by stating that
case studies are typically used “to explain the presumed causal links in real-life interventions that are too complex for the survey or experimental strategies.” Third, the
researcher bias is an evident risk in a study conducted by a participant-observer [Yin
2003]. It is clear that, for example, a lecturer cannot observe the lectures objectively,
and “may, at times, have to assume certain positions or advocacy roles contrary to the
interests of good scientific practice” [Yin 2003]. However, the access to all the student assignments, exams, grades, survey results, as well as direct feedback from the
students, provides for such a rich set of data that it makes it possible to conduct an
objective study in which the course staff do not need to play a central role. Finally, the
study has not explored the student programming skills on subsequent courses, even
though anecdotal evidence from later course instructors was positive.
The data collection and analyses have four limitations. First, the course and the
data collected have evolved during the study and direct comparison between the five
case studies can be questioned. For example, moving from two course variants with
two audiences to one course with one audience, but treating the results of the course
variants en bloc is questionable. However, as the new course started to live a life of
its own rather than be a descendant of the previous two courses, we suggest that the
treatment is justified. Second, the final grade, as a derivative measurement, did not
directly reflect the achievement of learning outcomes. The grading system therefore
deserves a study of its own. Third, 35 exams and 25 surveys were administered in
the course of the study, and the weekly programming assignments with example programs comprise a 30-page text document. The instruments used to collect data in the
study are too numerous to publish in their entirety, but they are available for interested readers by contacting the first author of the paper. Fourth, the study does not
provide definitive explanations of all the observed anomalies, like the drop in the enrollment count in 2005 and 2007, or the improved learning results in 2009. Based on
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the gathered evidence, some of these events were caused, to a certain extent, by contingent events in the wider context. Their further study would provide information of
decreasing relevance for answering the primary research questions of this study.
6. CONCLUSION

This study set out to rehabilitate a troubled first programming course based on the
Theory of Constraints and by using the pass rate as the success criterion. When the
study started in 2005, a study period coinciding with when the course was taken over
by the first author of this article, there were a priori problems with the pass rate and
in the attainment of the learning outcomes, as well as a general atmosphere of dissatisfaction among the students. The pass rate had been 44% in 2004 but, after five
years of study and course improvements, the pass rate reached 68% in 2009, a 55% improvement. During the same period, the course atmosphere had turned positive and
the course received a student union excellence award in 2008 for its course materials.
Based on these results, and the fact that introductory programming courses at the university level in general have an average pass rate of 67% [Bennedsen and Caspersen
2007], the course in question can be considered rehabilitated.
Since the course was run once a year from 2005 to 2009, each course was considered
a single case study with replication logic addressing the most important problems observed in the previous year. The first course implementation in 2005 focused on problem analysis. It was followed by a major technical revision in 2006 and by curriculum
level course changes in 2007. After these major changes, smaller changes were implemented in 2008 and 2009 to stabilize the course. The changes were managed and
misfits were identified within a systemic course definition comprising the course description, technical infrastructure, teaching, support, and assessment elements. As
a result of the study, three key reasons for the low pass rate were identified: programming as a discipline, course arrangements, and student behavior. The discipline
of programming includes a certain amount of essential complexity, thereby requiring
conscious effort to learn to program. The course arrangements were observed to include both essential and accidental complexities in the goals, substance, implementation, and technical solutions. Finally, the students were found to have motivational
problems. The improvement in the course pass rate was achieved by tackling both
the course and motivational problems, alongside changes in the course arrangements,
according to the following three steps.
(1) Eliminate de-motivators by resolving hygiene problems.
(2) Increase intrinsic motivators in the course by making it more interesting and
useful.
(3) Introduce extrinsic motivators to increase the predictability of student behavior.
The implemented changes focused on the technical aspects in the course arrangements that affected the student motivation to complete the course. However, it appears
that to be the most effective, the extrinsic motivators need to be established at the organizational level and with supporting control systems rather than at the individual
course level. Overall, the study demonstrates the importance of the holistic understanding of the system under study including its technical, human, and organizational
aspects, as well as their dynamics to be able to induce a change within it.
Lee and Baskerville [2003] conclude that “the generalizability of empirical descriptions to theory is well developed” and, thus, the findings of the conducted case studies
are generalized as the Three-Motivator Theory: course success can be improved by
removing de-motivators, increasing intrinsic motivators or increasing extrinsic motivators, or any combination of these three, as appropriate in the course context. Since
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the study builds on the Two-Factor Theory developed to understand the human motivation to work, the new theory could also fit into other motivation guided contexts,
such as organizational change involving learning. However, Lee and Baskerville [2003]
also note that “The only way in which a researcher (or practitioner) may properly claim
that the theory is indeed generalizable to the new setting would be for the theory to be
actually tested and confirmed in the new setting.”
In the course of 2009, the results started to approach the original improvement goal
of an 80% pass rate. That is, the course pass rate was actually 80% if the reference
point was considered to be only those students who submitted at least one weekly assignment, rather than to also include all those students who registered for the course
but did not complete a single programming assignment for it. However, there is still
a lot of room for improvement. Based on the Three Motivator Theory, it should be
possible to achieve an 80% pass rate with all the students by eliminating more demotivators and improving intrinsic motivators, since we have improvement ideas that
have not yet been put into practice. It further appears reasonable to aim at a 90%
pass rate by introducing additional extrinsic motivators but, since dropouts also result
from changes in family, health and personal situations, there are limitations to what
motivators can ultimately achieve. Still, we find the goal of an extraordinarily motivating first programming course worthwhile, since it holds the potential to attract
new students to the field of computing and to convey the broader value of programmatic thinking to their wider studies, future workplace careers, and everyday life.
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