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Practical thinking while learning to program – novices’ 
experiences and hands-on encounters
Kristina von Hausswolff

Department of Information Technology, Uppsala University, Uppsala, Sweden

ABSTRACT
Background and Context: Research in programming education 
seems to show that hands-on writing at the keyboard is beneficial 
for learning, but we lack an explanation of why that is and an 
underlying theory to anchor that explanation.
Objective: The first objective is to lay out a theoretical foundation 
for understanding the learning situation when novices first encoun-
ter programming in the computer lab. The second objective is to 
illustrate how this theoretical foundation can help give insight by 
applying it to an empirical study.
Method: Core concepts from Dewey’s pragmatic theory are com-
bined with the thinking of Deleuze and the later Wittgenstein to 
form a theoretical framework. The main empirical data is seven 
student interviews, which were analyzed using a qualitative content 
analysis method in two steps, first analyzing the stated con-
tent and second through the lens of the theoretical framework.
Findings: Students’ learning processes can be understood as ‘come 
to agreement’ and habitual actions when doing programming as 
‘practical thinking’.
Implications: Programming education can be reframed beyond 
the theory–practice dichotomy already rejected by pragmatism. 
This may have an impact on both course design and assessment, 
in that knowledge and measurement of knowledge have to be re- 
evaluated in a pragmatic light.
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Introduction

Research demonstrates that novices have difficulties when learning to program, and it is 
generally considered hard to learn to program (Bennedsen & Caspersen, 2007; Luxton- 
Reilly et al., 2018; Robins, 2019). Hands-on experience with programming is recognized as 
crucial, but not often investigated in computer science education as being of foremost 
importance. The theory presented in this paper might apply to computer science educa-
tion (CSE) generally but this paper focuses on programming education. In Sweden, 
programming has not been a part of most elementary schooling until recently and 
therefore some students encounter programming for the first time as a part of a course 
in higher education. In this paper the empirical data are from novices in a higher educa-
tion course setting.
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This paper is structured in two parts. The first part deals with pragmatic theory and its 
connections to learning and, in particular, learning to program in an educational setting. 
Concepts created to understand learning to program are described. A theoretical founda-
tion for learning of programming as a practice is proposed, with a special emphasis on the 
role of interacting with the computer (writing code). The second part contextualizes the 
theory by using empirical data from interviews with students in a programming course to 
show how a pragmatic approach to novices encountering programming can be applied 
and understood.

The paper’s research questions are:
Research question 1: How can pragmatist theory help us to understand novices’ 

experiences with hands-on programming?
Research question 2: How can pragmatism be used to understand the student experi-

ences as found in an empirical study?
This paper elaborates, and in more depth makes use of, theories, concepts, and 

framings already developed by educational researchers in the pragmatic tradition and 
applies those to the domain of novice programming. In particular, this paper introduces 
and uses two concepts in connection with hands-on programming experience: ‘Practical 
thinking’ and ‘Come to agreement’. These concepts build on pragmatic philosophical 
theory and, I will argue, can shed new light on the documented difficulties of students’ 
learning to program, with situated hands-on programming experience as a central point 
of our understanding. ‘Practical thinking’ relates to the hands-on experience, writing 
code, thinking by doing together with the computer environment. A pragmatic view 
does not separate practice from theory, nor does it place higher value on the theoretical. 
This idea underpins the concept ‘practical thinking’. ‘Come to agreement’ is a description 
of the moment when the student has taken the first step of learning to program: reaching 
a state of balance with the environment that enables some moving around and ease of 
interaction. Embedded in this first encounter with programming is the computer science 
tradition with its history, values, and knowledge content, which is also brought into focus 
here.

In addition, I show how these concepts can be applied to programming education 
research by using them to interpret data gathered in an empirical study of novice 
programmers. In this study, I investigated how students experience the hands-on writing 
of code during the first weeks of a programming course. These novice programmers 
worked with structured tasks in a pair programming setting. In pair programming, two 
persons work together to solve a task (Salleh et al., 2010). They alternate between being 
the ‘driver’, who types the code (hands-on), and the ‘navigator’, who is responsible for 
detecting errors and helping to solve the problem. This setting enables insight into the 
problem-solving process and better understanding of hands-on experiences with the 
contrast to hands-off experiences.

There is a growing body of research, within several educational disciplines, that uses 
a pragmatic approach. There is to my knowledge not much published in CSE using 
pragmatism as the theoretical framework. Two recently published papers about learning 
to program use pragmatic theory (Rolandsson, 2020; Von Hausswolff & Weurlander, 2020). 
I co-authored one of them, using the same data sources (mainly interviews) as I do for this 
paper but a different part of the data set and with a different focus (described in further 
detail in the empirical section below).
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This paper is an exploration of the merits of pragmatism as a research foundation for 
CSE. It will give new perspectives on established CSE issues as well as develop some new 
concepts that are needed to understand the particulars of novices learning to program.

In the next part of the introduction, I discuss related work about novice programmers. 
In Section 2, the theoretical framework is described. In Section 3, my theoretical concepts 
are discussed in light of an empirical study. Finally, in the Discussion and Conclusions, 
I summarize the theory and its application and suggest several interesting directions for 
future work.

Novices learning programming in CSE

In a review of research on novice programmers and introductory programming Robins 
(2019, p. 330) writes: “CS1 [a beginning programming course] has typically been regarded 
as difficult for students, with persistent and widespread reports of high student failure and 
dropout rates”. Failure rates and reasons for poor performance in introductory program-
ming courses have received considerable attention from the computer science education 
community (Bennedsen & Caspersen, 2007; Lahtinen et al., 2005). According to teachers, 
the grades in introductory programming courses have a bimodal distribution, in other 
words, with higher than usual rates of both failing and high grades (Robins, 2010). 
Problems with introductory programming seem to prevail: a recent review of introductory 
programming found that “student engagement levels in computing are benchmarked as 
among the lowest of any discipline” (Luxton-Reilly et al., 2018, p. 86). Common problems 
novice students encountered were understanding the task and various aspects relating to 
the design and structure of the program (Robins, 2019).

Novices’ experiences in introductory programming courses may affect their attitudes 
towards the subject negatively. Novice students have been found to experience that their 
skills for learning CS were insufficient and they tended to use “ask for help” problem- 
solving strategies (Schulte & Knobelsdorf, 2007). Negative emotions may negatively affect 
their beliefs about their abilities (self-efficacy beliefs) and themselves as programmers 
(Kinnunen & Simon, 2012; Rogerson & Scott, 2010) which may result in decisions not to 
continue to study computing. Luxton-Reilly et al. (2018, p. 87) conclude in a review that 
“Although introductory programming courses are considered to cause significant levels of 
student anxiety and frustration, and student engagement levels in computing are bench-
marked as among the lowest of any discipline [. . .], there are very few publications 
focusing on the student experience, particularly with respect to pastoral care”.

The studies often attribute poor results to the students’ cognitive abilities, background, 
motivation etc. (Robins, 2010), or even to the lack of an inherent ability such as the “geek 
gene” (Dehnadi & Bornat, 2006). To be able to learn to program could in the latter case be 
described by the dichotomy: “You either have it or you don´t”. According to Robins (2019, 
p. 330), many would argue today that the notion of inherent ability is an outdated myth 
(see also Lewis et al. (2019)). Other researchers have suggested reasons for failure rates in 
CS1 in the sociocultural environment rather than attributing it to individual students’ 
traits. For example, a defensive communication climate in the computer science class-
room has been proposed as one explanatory factor (Barker & Garvin-Doxas, 2004). When 
defensive communication becomes habitual in a social context, distrust of others 
becomes the norm, resulting in a social environment privileging competition over 
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cooperation. Other researchers have found reasons to attribute low representation of 
women (and other minority groups) to cultural factors in the discipline (for example, see 
Rasmussen and Håpnes (1991) and Sax et al. (2018)).

Another possible explanation is the content. Is programming especially hard to learn? 
Why do students report that they just come to understand everything in an instant, 
overnight? A substantial amount of research has gone into the area of threshold concepts 
in computer science education (Boustedt et al., 2007; Eckerdal et al., 2006; Rountree et al., 
2013; Sanders & McCartney, 2016; Thomas et al., 2010). The idea of threshold concepts 
originated from Meyer and Land (2005) and aims at identifying particular concepts that 
function as thresholds in different subject areas, like keys to the subject. Sorva (2010) 
examines the possibility of such concepts in introductory programming but is not con-
vinced and discusses the apparent difficulties of finding consensus as to which they are – 
if they indeed do exist. Robins (2010) claims that the compound and intertwined nature of 
the programming subject is a reason for students’ problems with learning to program. He 
claims that the concepts involved in programming are unusually tightly integrated, which 
means that the comprehension of one concept determines the comprehension of other, 
closely linked concepts. This suggests that if a student fails to acquire some concept, the 
learning of further concepts becomes harder.

A common approach in introductory programming education is to let students’ 
collaborate in different ways (Sanders et al., 2017). Examples of this are team-based 
learning (Lasserre, 2009), collaborative problem-solving in the computer laboratory 
(Boyer et al., 2008), and pair programming (McDowell et al., 2006; Salleh et al., 2010). 
A literature review concludes that pair programming is beneficial for students learning 
(Hanks et al., 2011). Pair programming seems to be beneficial for weaker students 
(O’Donnell et al., 2015). The collaboration pattern within a pair can be characterized by 
equity or inequity, wherein the latter, one student dominates the work (Lewis & Shah, 
2015). This inequity could negatively influence the teamwork and the perception of pair 
programming (Bowman et al., 2019; Cao & Xu, 2005).

Programming education often emphasizes lab work where students work hands-on 
with programming assignments, often in pairs, assisted by the teacher in the computer 
laboratory. Previous research has for example, acknowledged that syntax as well as 
practical skills can be problematic for novices (Du Boulay, 1986) and also pointed to the 
beneficial effects of hands-on work (Eckerdal et al., 2007; Höök & Eckerdal, 2015; Von 
Hausswolff et al., 2020) . The important role of hands-on work in computing education, in 
general, is highlighted in the considerable body of research on the role of practice, both as 
means to reach learning goals, and as a goal in itself (Gross & Powers, 2005; Sheard et al., 
2011). There seems to be a consensus among students as well as teachers that hands-on 
work is important (Lahtinen et al., 2005). Robins (2010) shows that besides the application 
of theoretical knowledge to practice, the other way is also important – from practice to 
conceptual knowledge. In line with Robins, Shneiderman (1977) argues for a spiral 
approach to teaching programming. Conceptual understanding is built up by visiting 
the same concept several times in greater depths. The complex and intertwining depen-
dencies between practice and theory in the computer lab are further examined by 
Eckerdal (2015). Research in programming education seems to show that collaboration 
and hands-on work are beneficial for learning, but we lack explanation of why that is and 
an underlying theory to anchor that explanation.
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Theoretical framework

In an educational endeavor that has focused on practice and learning in a lab setting, 
a philosophical account of knowledge, as well as of learning, is necessary. The founders of 
pragmatism, Charles Peirce, William James, and John Dewey started in the later part of the 
nineteenth century to lay out a philosophy of knowledge acquisition centered around 
situated action (Biesta & Burbules, 2003; Hamlyn, 1987) In recent decades, the relevance of 
this philosophy has increased in studies of technology (Ihde, 2012; McCarthy & Wright, 
2004). Alongside Dewey’s pragmatism, I use the later Wittgenstein’s theory of meaning, 
knowledge, and language to elaborate the meaning of actions within the computer 
environment. This is similar to other efforts within educational science (Van Poeck et al., 
2019; Wickman, 2006; Wickman & Östman, 2002). The third theoretical underpinning of 
my conceptualization is the post-structuralist Deleuze’s swimming metaphor of learning. 
By combining post-structural lines of thought with pragmatism, I walk the path already 
taken by some educational philosophers. Biesta (2010) for example, combines Dewey with 
Derrida, and Semetsky (2003) combines Dewey with Deleuze Figure 1.

From Dewey’s pragmatism to the concept of practical thinking while programming

The pragmatic notion of knowledge relies on action: There is no knowledge without 
actions. There is only one reality, and everyone has access to it through their experiences. 
Knowledge is created through intelligent action, not as an inner state mirroring the outer 
reality (Rorty, 1999).

Dewey argues that the correct way of describing the world is that it is in constant 
change. The environment surrounding humans is in constant change, as are human 
beings themselves. Fundamental to Dewey’s account of knowledge is the concept of 
transaction (Biesta & Burbules, 2003). Transaction is “the point of contact” between 
humans and the environment. Reality exists but is only experienced as a function of the 
transaction.

The meaning of an action and its consequences are connected. According to Dewey, 
knowledge is one form of experience, and all experiences result from transactions 
through which we humans connect with the world. Knowledge reveals itself primarily 

Figure 1. Theoretical underpinnings of my concepts applied to learning to program context.
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in the way an individual has transactions with the environment and how the individual 
reacts to change in the environment – first in the muscles, and then in the mind (Biesta & 
Burbules, 2003). The individual seeks a balance with the environment and developed 
habits of possible conduct. As the novice programmer and the computer environment are 
involved in a transaction, both the programmer and the environment change. 
Movements in this environment make knowledge, from the programmer’s perspective, 
possible – not articulated in natural language but shown in a gradually better adaptation 
to changes of the computer environment.

When we learn something, both the person that learns and the object of knowledge 
are changed through the transaction between them. The way knowledge is created is first 
through thinking. But note that thinking does not necessarily have to be expressed in 
a sentence in natural languages. Through thinking, symbols and operations are created as 
a way of simulating different consequences of an action without experiencing them. This 
allows us to better cope with or handle changes in the environment more intelligently 
(Dewey, 1925/1995). Through subsequent action we will know when we see the con-
sequences: the only way to gain knowledge is through action. The process of learning 
programming consists of forming habits of action and movements in the computer 
environment by the programmer. These transactions involve responses from the environ-
ment that gradually become more useful or meaningful.

Östman et al. (2019), follow Dewey when they describe learning in terms of habits. We 
already live in accordance with the acquired habits that we follow without reflection in 
most cases. When we face situations that are new to us, our habits sometimes will not 
suffice. This new situation is an opportunity for learning. An old habit can be reflected 
upon and compared with other habits, and new ways of acting can be tested. This process 
is called an inquiry by Dewey, and always starts with something from the environment 
that disturbs the individual – which opens up a possibility for an inquiry (Biesta & 
Burbules, 2003, p. 58). The inquiry starts by reformulation the indeterminate situation to 
problematic situation. This is a way of framing the problem and also the situation. 
Through reflection and available resources, the individual formulates hypotheses about 
different ways of acting and possible consequences.

Dewey states that the connection between the thought model and consequence, in 
reality, is just a functional connection (Biesta & Burbules, 2003). There is no necessary 
resemblance between the structure of reality and the structure of the thought model. 
According to Dewey, the formulation of the problem and the consequences of the 
different paths of action are connected through the whole inquiry process, and both 
appear clearer. When the person has come to a satisfactory answer to the problem, the 
inquiry comes to an end and the individual has learned something. The alternative that 
Dewey offers is to understand thought as a result of, and connected to, an action or 
a series of actions (Dewey, 1922/2012).

Dewey explains our similarities in experiencing and describing the world through 
intersubjectivity (Biesta & Burbules, 2003). When we act together to accomplish 
a common goal, we have to adjust our individual goals and coordinate our responses. 
In this process our individual worlds are changed, and a common intersubjective world is 
created. This process is denoted communication by Dewey. The common world is created 
through action (in other words, through the communication process) – not by transmit-
ting representations from one individual to another. Biesta and Burbules (2003) call this 
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dimension of Dewey’s work practical intersubjectivity. This also incorporates fallibilism: 
There is no knowledge that is completely certain. Our current patterns of habits, that fit us 
now and that we have formed from past experiences, may not be applicable to problems 
that we face in the future (Biesta & Burbules, 2003).

Practical thinking
Dewey specifically directs focus to the importance of habits when thinking, which under-
pins my concept of practical thinking. In the concrete computer lab, Eckerdal (2015) 
examines the complex relationship between doing (“practice”) and reading, hearing 
about “theory” in programming education, and concludes that they intertwine in small 
loops. In a Deweyan framing this would be a sequence of inquiries linked together 
forming understanding in the end. I will argue that the possibility of testing expressions 
building on hunches and not yet expressed thought in the lab setting gives the learner 
possibility to think/act. In my view, getting feedback in the form of response from the 
computer in small loops of inquiry is characteristic for this type of learning. The thinking is 
not expressed in statements such as hypotheses in natural language but depends on 
small movements in the environment while carefully observing the response. This think-
ing-while is what I denote ‘practical thinking’.

Dewey on values and dichotomies
In The Quest for Certainty, Dewey (1930/2013) criticizes the western tradition of episte-
mology that relies on a separation of theory and practice when knowledge is to be 
understood. In a time when change was perceived as threatening to humans, a quest 
for obtaining absolute certainty and truth was pursued and, as a consequence of this, 
valued as the highest form of knowledge.

The concrete fact behind the current separation of body and mind, practice and theory, 
actualities and ideals, is precisely this separation of habit and thought. Thought which does 
not exist within ordinary habits of action lacks means of execution. (Dewey, 1922/2012, p. 17)

Practice is valued less in this quest for certainty, and this is a part of the scientific heritage 
that remains in disciplines such as mathematics, science, and computer science. Van 
Poeck and Östman (2019) argue that values are a part of every discipline and that 
norms and values are acquired alongside the learning of knowledge and skills; called 
companion meanings or even companion norms.

From Deleuze and Wittgenstein to understanding learning programming as forming 
contextual meaning and ‘come to agreement’ in the computer environment
In this subsection, I discuss Deleuze’s swimming metaphor and the later Wittgenstein’s 
account of language and knowledge, and relate them to the process by which novices 
learn to program.

Deleuze describes learning to swim
In close resemblance with transactional learning theory and Dewey’s description of habits, 
the continental philosopher Deleuze describes the situational and practical side of learn-
ing in the swimming metaphor in Difference and Repetition (Deleuze, 1968/1994). 
Deleuze describes that a person must be in the water and try to move the body in 
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a way that resembles the moving of the wave in the water but not move in the same way; 
it is a repetition but also a difference. To understand and adapt to the new environment 
(water) the body tries movements and gets feedback. The instruction from the swimming 
teacher on land has a limited role for Deleuze, it is the actual movement in the water that 
is essential:

The movement of the swimmer does not resemble that of the wave, in particular, the 
movements of the swimming instructor which we reproduce on the sand bear no relation 
to the movements of the wave, which we learn to deal with only by grasping the former in 
practice as signs. That is why it is so difficult to say how someone learns: there is an innate or 
acquired practical familiarity with signs, which means that there is something amorous - but 
also something fatal - about all education. (Deleuze, 1968/1994, p. 23)

Wittgenstein, a pragmatic account of language acquisition
Learning to program is also learning a programming language. In this section, we 
continue our discussion of the theoretical framework by introducing Wittgenstein’s 
account of language and knowledge as a complement to the pragmatic account of 
knowledge.

Wittgenstein puts a focus of use/action in understanding how language works in 
Wittgenstein (1953/2009) in such a way that he sometimes is referred to as a pragmatic 
philosopher. He uses the term “language games” to denote tighter and more loose 
associations that are in the center of our meaning making. We use language through 
language games that seem to consist of rules. The rules are not always explicit. Both 
language and knowledge get meaning from the concrete situation in our lives – not our 
individual lives, but the lives we live together – which he denotes “life forms” 
(Wittgenstein, 1969/1972 § 298). “Our talk gets its meaning from the rest of our proceed-
ings”. (Wittgenstein, 1969/1972 § 229) and a precondition of knowledge is certainty in 
action.

Acquiring knowledge and learning language go on at the same time as the terms get 
their meaning. Certainty in action emerges. He talks about a system of beliefs as 
a building: “We believe, so to speak, that this great building exists, and then we see, 
now here, now there, one or another small corner of it”. (Wittgenstein, 1969/1972 § 276). 
And also in Philosophical Investigations: “The common behavior of mankind is the system 
of reference by means of which we interpret an unknown language” (Wittgenstein, 1953/ 
2009 § 206).

Meaning in a Deweyan and Wittgensteinian sense
Scholars in the pragmatic tradition have described learning as meaning-making (Wickman 
& Östman, 2002). This builds on the principle of continuity which implies purpose. 
Individuals are continuously in motion using habits already acquired, often neither 
consciously recognized nor reflected upon. When individuals are interrupted in this 
unreflected motion there is a reason to change direction, to focus attention on the 
interruption. They try to bridge the gap between what they already know and what 
they aim to understand by creating relations. This includes doubting, questioning, and 
reaching out for possible resources. To bridge the gap and create relations is creating 
meaning and possibly learning.
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Come to agreement
Medina (2004) argues for a pragmatic contextualism to understand meaning and agree-
ment using both Dewey and Wittgenstein. He begins by showing that it is impossible to 
establish meaning by definition and rules of grammar. This stems from the later 
Wittgenstein’s language games. Uncontextualized, the meaning of a word or concept is 
underdetermined, that is, can be interpreted in more than one way. Medina argues that 
contextual factors “heavily constrain” actual interpretation and that for meaning to 
become stable in concrete communications with others depends on “agreement in 
action” (Medina, 2004, p. 343). The theories from the later Wittgenstein and Dewey 
elucidate the relation between meaning and “agreement in action” that in Medina’s 
examinations result in pragmatic contextualism.

Medina discusses meaning of words in natural languages that in the pragmatic tradi-
tion depends on the situated context. I extend his argument to include meaning in 
a programming language and communication with a computer. He says: “When the 
contexts of language use are thought of as heterogeneous whole that are material, 
performative, social, and temporal, they are the pragmatic context of communication 
that Wittgenstein and Dewey call our attention to”. (Medina, 2004, p. 344). Medina 
continues to argue that both these thinkers say “that the meaning of words and sentences 
become contextually determinate through the tacit agreement in action of the partici-
pants in communicative practices” (Medina, 2004, p. 345). For Wittgenstein, rule-following 
presupposes “a consensus of action” or “an agreement in forms of life”. Lack of agreement 
“would make our normal language-game lose their point” (Wittgenstein, 1953/2009 § 
142). In the context of programming, the programmer ‘comes to agreement’ with the 
computer environment when they reach agreement in action to perform a specific task.

Learning to program framed in the concepts of practical thinking and come 
to agreement

Both Dewey and Wittgenstein emphasize that, no matter how removed from ordinary 
contexts of action, human signs always have a relation (no matter how indirect) to these 
contexts. Our signs depend on these contexts for their significance: they have meaning only 
against the background of consensus of action underlying our practices; only this tacit 
background agreement makes possible the kind of sharing of perspective in which meaning 
consists. (Medina, 2004, p. 362)

Learning to program can, I argue, be understood in terms of Dewey’s and Wittgenstein’s 
theories, when attention is drawn to the fact that both these philosophers used 
mathematics as examples, aware of that this subject is considered the most abstract 
and farthest away from practical experiences and situations. The programming student 
has to take the perspective of the computer to be able to communicate with it and thus 
‘come to agreement in action’. The method of this agreement is coordinating the 
thinking, expressed by the student as small chunks of code, with the actions of the 
computer. The small expressions in the language, put into place in an editor, are the 
action of a student that thinks with the computer, awaits the response to get clues of 
how to coordinate the thinking of their own with the perspective of the computer (in 
a specific context of course). This close interaction between the computer and the 
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student are what I call ‘practical thinking while programming’ which, if successful, 
results in that the student ‘comes to agreement’ with this particular computer 
environment.

Learning to program can, I argue, also be understood in the same way as Deleuze’s 
description of learning to swim. The environment is the programming language, the 
editor, and to some extent the whole assemblage of hardware and software that affect 
how the computer responds to the commands it is given by the individual through 
expressions in the specific programming language. This environment is completely 
new for novices and is explored by trying to communicate with the computer. 
Examples and theory given by teachers is analogous to the swimming instructor in 
Deleuze’s example, having a limited ability to help the individual to navigate in their 
new environment. The student sees examples and tries to mimic them, but this is not 
enough to stay afloat. By trying, expressing, getting feedback, and trying again, the 
student learns how to combine some of their own actions with those of the program-
ming environment.

In my interpretation of learning to program, the learning is practical just as swim-
ming is. It involves movement in the body (by writing) and actions (formulation of 
expressions to write). Programming involves testing your expressions in the program-
ming language in the new environment akin to a swimmer testing movements in 
water. The student’s “own distinct points” are combined with those of the computer 
environment though programming language and compiled response. One way of 
understanding “knowing how to program” is that it consists of managing to coordinate 
written expressions with the actions of the computer. In addition, this understanding 
could also be an understanding of the learning objective of the first programming 
course.

In one obvious sense, a student and a computer do not share forms of life. But the 
computer and the programming language are invented by humans and designed to be 
used by people. On the other hand, unlike another human, the computer will not change 
to enhance the communication. The student-computer communication instead demands 
that the student accommodates their movement and expression to fit the assumptions 
built into the computer. The student has to adapt the communication to fit the computer 
to be able to ‘come to an agreement in action’. In that process the student has to 
coordinate expressions, and, if communication fails, is faced with losing the point of the 
communication. To ‘come to agreement’ with the programming environment results in 
an agreement in action where the student can get a sense of principles and presupposi-
tions that lay behind the computer’s feedback. At the end of the first programming course 
this describes a successful learning outcome of the course. The computer’s “form of life” is 
as complex as its rich history and diverse uses. In ‘practical thinking’ the student through 
transactions gets to understand the meaning of the programming language and thereby 
come to an agreement with the environment.

Practical thinking and come to agreement in light of an empirical study

In the previous section, I proposed a theoretical framework for understanding how 
students learn to program. In this section, I show how that framework might be used to 
analyze data as part of an empirical study. The theoretical framework was developed in 
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parallel with empirical data analysis over a period of about one and a half years. In this 
mostly theoretically driven work, the empirical data is used both to show the utility of the 
developed concepts and to deepen the understanding of how these concepts can be 
expressed in a concrete learning environment. The two developed concepts ‘practical 
thinking’ and ‘come to agreement’ are here used to understand students’ experiences 
when they encounter programming as novices.

The empirical study – context

This empirical study includes first year engineering students who are introduced to text- 
based programming, using Python, in a formalized teaching situation. In Sweden, under-
graduate engineering is five years long and is based on courses, or modules, covering 
specific subjects, taught and assessed separately. During the first year, when this pro-
gramming course, or module, is given, it can be seen as a minor, but the students can 
choose a specialization during the second year that would make them Computer Science 
majors. There were no expectations of previous knowledge of programming of students 
enrolled in the programming course. This course corresponds to 8 Credits, equivalent to 
about five weeks full time study, given during the spring semester at about 50% study 
pace. The reason for selecting this course was a combination of convenience in time and 
a positive initial response from the responsible teacher to participate in the study. The 
structure of the course had been consistent for several years at this particular university, 
and applied to several programming courses in other programs offered at the same 
university so it was typical in that sense.

The content of the course was typical to CS1: basic programming structures such as 
selections, loops, functions, lists and files. The course consisted of 15 lectures, and during 
the same time the students had six mandatory computer labs (duration about two hours 
each) and also exercises without a computer. The class of 40 to 50 students was divided 
into lab groups of about ten students, each assigned a teaching assistant (TA). The 
students worked in pairs sharing one computer with structured tasks. Each student pair 
collaborated and discussed the problem at hand, while only one student at a time did the 
hands-on interaction with the computer. The students were instructed to shift the key-
board holder every 20 minutes during the first six computer lab sessions.

The students needed complete three tasks to pass this course: a written exam after 
eight weeks, a larger assignment after the exam, and six computer lab assignments before 
the exam. The final programming assignment was individual and included both design 
and coding. In contrast to the final assignment and written exam, the computer lab 
assignments were not individual. Because of my research interest in the practical part of 
learning to program, the initial six lab sessions were my focus in this context. The 
instruction to work in pairs also made it possible to get insights into the students’ 
experiences of both writing code (being the driver) and sitting beside (navigating). This 
approach with strict instructions and pair programming was an additional reason for 
selecting this course to collect data. The pair programming setting is beneficial as it allows 
for comparison between hands-on and hands-off experiences.
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Data collection

This research included several data collection points over two instances of the course, 
2017 and 2018. For both years, data were collected through questionnaires, observations, 
and interviews, with interviews being primary for this paper:

1) 2017: classroom observations during which a list of student activity types was compiled. The 
list reached its final form (presented in Appendix 1 under “List of activities”) after the first six 
lab sessions, resulting in a record of over 40 activities such as “writing code”, “looking at the 
screen”, “discussing a problem with the lab partner”, and “asking the TA for help”.

2) 2017: during the sixth lab session, a questionnaire was administered (see Appendix 2).

3) 2017: students were selected (see details below) and within a timeframe of one or two 
weeks a subset of that group was interviewed.

4) Between 2017 and 2018: the 2017 data were analyzed, and that analysis led to that the 
questionnaire was somewhat revised (see Appendix 2), and some interview questions were 
added (see Appendix 1)

5) 2018: further classroom observations, the revised questionnaire was administered, and 
interviews were conducted with the revised script.

The questionnaire that was distributed during the final lab session was answered by 32 of 
the 51 students enrolled in 2017 (63%), and 45 students out of 51 enrolled answered in 
2018 (88%). For this paper, the observations and questionnaire were used for background 
information. The questionnaire was also used for selecting students for the following 
interview (see more information below). Interview data from both years are used in the 
analysis in this paper. The empirical data collection was done by one researcher (the 
author of this paper) and that researcher had no prior or subsequent connection to the 
school or to the participants beyond conducting this research.

Selection of interview participants

The selection was based on willingness to participate, and whether students stated that 
they were newcomers to programming before the course began. The selection also 
considered differences in time spent writing during lab sessions. The interview questions 
were based on information from the questionnaire (see Appendix 2) as well as from 
observations in the lab and all other information during the course such as lab instruc-
tions, lecture notes, and handouts. Thirteen students signed up to be interviewed but five 
of them had advanced programming experience and were excluded from the selection. 
Among the remaining eight students three of them had only limited programming 
experiences and were included. One student decided subsequently not to be a part of 
the interview study.

The two selected students in 2017 differed in how much they had been actively coding. 
One reported having coded much less than 50% of the time, while the other reported 
much more than 50%. This difference was particularly interesting to explore given the 
instructions to spend equal time at the keyboard. Equally interesting were their experi-
ences of learning to program in connection to writing code, in relation to their different 
exposure to doing so. Those interesting preliminary results were incorporated in the 
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questions in the follow-up study. In 2018, only one of the participants had been writing 
code less than 50% of the time during the lab sessions in the course. Two of the 
participants had written more than that, and two participants stated that they had 
spent the same amount of time on the keyboard as their partner (see Table 1).

Ethical considerations
Students were informed of the study, the purpose of data collection, and how data was 
stored and processed to protect their privacy. This information was given in writing. To be 
a part of the study was voluntary and the participants signed a written consent to confirm 
their participation. Information that could lead to identification of the educational pro-
gram or the university was not included in this text so that the students’ anonymity could 
be ensured. Names presented in the text are pseudonyms. Quotes are chosen to represent 
a holistic interpretation of the interviews. Throughout this research, I followed the 
national ethics guidelines for social science research (CODEX, 2020).

The interviews

The interviews were conducted at the school in a separate room during available 
daytime breaks. The interviews were about 30 minutes long (varied from 25 minutes 
to 44 minutes) and the interviews were all audio recorded and professionally tran-
scribed. The seven interviews were analyzed using a qualitative content analysis method 
in two steps. The first step is to analyze the stated content (Elo & Kyngäs, 2008) and 
the second step is to use pragmatism as a theoretical framing to deepen the under-
standing of the content. Due to the one-year gap after the first two interviews, initial 
analysis of them enabled refined interview questions as well as directing the search for 
theory. All interviews were semi-structured, with questions focused on how students 
experienced learning to program in the lab setting. The hands-on aspect of learning was 
in particular focus. Because of the instructions to pair program, students would experi-
ence both working hands-on with the keyboard, and sitting beside without directly 
interacting with the computer. In the first step, I only looked for patterns/themes that 
are explicitly stated in the interview transcripts. In the second step, I used pragmatic 
theory to analyze the themes more deeply. Focusing on one particular group of themes 
is also suggested by (Braun & Clarke, 2006, p. 83), trying to see particular latent themes 
enlightened by theoretical concepts.

In step one, themes across the whole dataset were identified, as well as a structure of 
the content. Quotes from the transcribed interviews were coded in N’Vivo and the same 
quotes could be coded with several different codes. After the initial coding, the codes 

Table 1. Participants. Names are pseudonyms.
Name Year Sex Programmed Time at keyboard

Anna 2017 F No Less
Sandra 2017 F No More
Lisa 2018 F No Less
Per 2018 M Yes, minor More
Olle 2018 M No More
Lars 2018 M No Equal
Oskar 2018 M Yes, minor Equal
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were examined for overlap and some refinement was performed. A structure emerged 
when examining the quotes and the codes several times, thereby dividing the codes into 
three different groups:

1) codes that describes an emerging relation between the student and the computer/ 
program environment, evolving during the course.

2) codes that describe experiences of programming that involve the whole setting, the 
social dimensions in the programming experience that includes experiences of belonging 
and thoughts on continuing to program as a part of the education.

3) “in-between” codes that discuss experiences that emerge from a person’s interaction 
with the machine and proceeding to establish a relationship to programming that 
involves relationship to the whole machine. This group makes important connections 
between the two preceding groups.

From the first group, two themes emerged and they are discussed in this paper. The 
results from the analysis of the second group are described in detail in another paper (Von 
Hausswolff & Weurlander, 2020). The third group of themes are yet to be fully analyzed 
and are intended for a forthcoming paper.

In step two of the analysis, connections were made between concepts from the 
theoretical framing and the empirical results, in order to deepen the understanding of 
what is going on when these students describe their learning to program. The analyses 
were conducted by the author, with assistance from a second researcher at several 
occasions, both in looking at the relationship between the data and the categories, and 
refining the theoretical concepts and the empirical findings together. Intersubjective 
validation was thus achieved through continuous discussions over the whole process in 
iterative steps. Categorization of student quotes into the themes were compared 
between the researchers with good conformance. All stages of the analysis process 
were recorded in N’Vivo for the purpose documenting the formation categories and 
themes, giving both the author and others the possibility of examining the process.

Threats to validity

As the empirical part of this paper describes a single case (one course over two instances), 
it could be labeled a case study. From this case the main data analyzed consist of seven 
interviews, which makes the trustworthiness of data collection and analysis particularly 
important. Validity is strengthened by including context descriptions and referring to 
additional data sources collected at the time. A threat to validity is that only one 
researcher did the data collection work and the researcher’s theoretical lens could bias 
both interviews and analyses. Measures to strengthen the credibility of this study include 
in-depth discussions about construction of both questionnaires and interview guide with 
a second researcher, and transparency with the questions asked (Appendix 1, 2). 
The second researcher took part in discussing the whole analysis process and in particular 
in validation of the coding.

The students interviewed did not get a chance to validate the interpretation of their 
statements in the emerging themes and this somewhat lowers the credibility (Guba & 
Lincoln, 1982) of the interpretations. On the other hand, all the interviews were recorded 
and professionally transcribed, and the transcriptions in N´Vivo were part of the two 
researcher’s validation work. As to argue for dependability (Guba & Lincoln, 1982), it can 
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be stated that the seven students describe 16 different pair programming experiences 
alongside their own individual experiences of working alone with an assignment, giving 
the study more than seven described different experiences of working in the lab.

Another threat to the validity is the possibility that students who volunteered to be 
interviewed are biased in some respects. This concern was somewhat resolved by incor-
porating information from the observations and questionnaires into the interviews, and 
incorporating the first year’s interview results into the second-year questions – in some 
sense trying to triangulate the data sources.

Even though a case study makes no claims of statistic representation, a form of 
“generalization to a broader theory” (Cohen et al., 2011, p. 294, emphasis original) can 
be done and it is this kind of transferability (Guba & Lincoln, 1982) that I am 
aiming at.

Results

Two themes were identified in the first group of codes that describes the emerging 
relation between the student and the computer/program environment. These themes 
both involve how ‘practical thinking’ can be experienced and how the ‘come to agree-
ment’ process is perceived. One is concentrated on how the student understands the 
subject they practice and the other connects to the hands-on experience of writing 
code.

Theme 1: Contradictions in how programming is perceived

You get an image of . . . . being, in a way, correct, but also in another way incorrect, that 
programming is something very free and open

Per, quoted above, is the only student that explicitly said something about this contra-
diction: open and creative, while at the same time strict and unforgiving. You have to 
follow the syntax of the programming language and even if you succeed in that, the 
program could behave in unexpected ways when executed. The environment (language/ 
interpreter/editor) demands that the students communicate in a non-plastic manner. 
When the communication is not working, you are faced with questions like “something 
went wrong, but where?”, and, “how could I correct it?”. This was described by the 
students as frustrating and as the reason they get stuck. The environment gives responses 
both as explicit error messages and as the execution behavior. This aspect of program-
ming is black and white, right or wrong, and nothing in between.

On the other hand, programs executing the same task, exhibiting the same behavior, 
could be structured in many different ways. One contradiction present in all interviews 
was a perception of the programming activity as neither black or white, but open for 
different solutions and creative thinking, making it fun. At the same time, all students 
were struggling with not understanding what was wrong and getting frustrated with the 
feedback from the computer. Per reflected about getting to know the programming 
environment:

The hard thing about programming is that it’s pretty easy to get stuck if you don’t really know 
why you’re stuck. What works. Sometimes it’s pretty clear in the error message that ok, maybe 
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I forgot a colon. But sometimes it’s a lot less clear. Like, what’s wrong now? And these errors 
which can be quite small get the whole program to behave differently from what you want. 
Then you can spend a lot of time, effort, and energy on — well, I don’t understand why. And 
then some things require that . . . You sort of get the picture especially in this course, kind of 
correct, but also incorrect in a way, of programming as something very free and open. And in 
some parts, sure, you can choose your own approach. You can select how to define and store 
things. At the same time, it feels like it’s quite, very strict that if you don’t do exactly this way 
the program won’t work. Then it can be quite frustrating if you’re stuck but have forgotten 
a small thing, but that gets big consequences overall.

Students agreed with the creative and open perception they got from the course. They 
agreed with it and embraced it as enjoyable.

Olle: It’s very, you get to think on your own and find solutions on your own. There’s no clear 
answer. And it’s both good and bad that there is no answer. But if it works it’s correct, right. 
And I think that’s great.

It is the freedom to think for oneself, use one’s own thinking abilities and not being able to 
rely on “ready-made” answers that the students pointed to as open and creative.

Lars: And then we have this, what I in general mean with creative, is that it’s not black or 
white. And as an engineering major, most courses are fairly black and white.

However, that contradicts another statement from Lars about how rapid feedback loops from 
the machine give him validation on whether something is correct or not. Lars continued:

You can do things in several ways, and nothing is like completely right or wrong. So you get 
to express that. And it’s like I said earlier. I see very close parallel to language in general, 
everyday languages that is.

Another student Oskar stated the same thing but drew parallels to music instead of 
language.

It’s very creative, that much I would say. I see it as you can do a lot of things in different ways, 
and there are many ways to do it correctly. I connect it to music. I do a lot of music. And 
there’s not really one right answer as long as it works, as long as someone likes it, the music.

From these quotes we can see that students make associations to knowledge or experi-
ences from other subjects. They experienced programming as a way of expressing 
themselves – different ways of making the machine work. This is how they came to 
agreement with the programming environment.

In a way, practical thinking involves one’s own line of thought with the actual code 
written so far in the program. To go further in this somewhat materialistic thinking 
process (interacting with the materialized code) could feel rewarding and necessary in 
the process of learning to program, but could also be a trap: Lars described how he 
struggled with a problem:

. . . you can sit for several hours and try to solve some problem in your code without getting 
anywhere. But if you just let it go and look at it the next day when you calm and kind of have 
reset yourself, you see it almost right away. So if you code for a longer period of time it’s almost 
like if you get some kind of tunnel vision that makes you all dizzy. I was not aware of that before 
but it’s something I learned . . . [. . .] . . . I’m talking about when you get stuck a bit too hard. But 
then, now I’ve realized that it’s a part of the process. And when you’re on the way down, you 
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know that you’re going to get up again. So you don’t think anymore that you’ll come crashing 
into the ground. The first time it was very, it was emotionally hard, especially in the beginning.

The idea of programming as a way of expressing oneself resembles expressing oneself in 
a language or learning a language. The contradiction between creative expression, 
creating a program, and the somewhat numb, rigid response from the computer envir-
onment opens up an opportunity for students to reflect on themselves as thinkers. They 
come to agreement with the computer environment as they gradually get to use move-
ments with expected results, which also gives an estimate of their thinking ability. The 
individuality perceived as creative is good when different code snippets all work, but can 
be negative when something does not, and your individual creative thought is perceived 
as causing this failure. In this sense, the experience of learning to program can be 
perceived as a judgment on inherent abilities, and not on skills that can be learned.

Theme 2: Trial, error, and intuition in practical thinking while programming

Sandra: You have to be able to write because you have to be able to try, try, try.

Students embraced trying and getting feedback from the computer. In some sense, this 
trial and error was a conversation where they followed an intuitive path.

Lisa: You can test and it’s also like quite intuitive.

Interviewer: How do you mean intuitive?

Lisa: No, I mean, I think it’s become that way because of the error message we have gotten 
now in Python, I think it was the first thing we learned - but how do you read error messages? 
So I think it’s a bit fun like - yeah but something went wrong. What went wrong? So I read the 
error message and climb into it like that. And so on, and then it’s the next thing, and you can 
look at that and fix that.

This practical hands-on writing of the code is embraced in CSER (Höök & Eckerdal, 2015). It 
is described both as trying and as using your intuition to know what to try. The hands-on 
experience also seemed important for the students interviewed here, expressed in some 
way by all seven.

Even though some students were more positive about working together in pairs, 
everyone talked about writing as a way of testing one’s own thinking. Sandra, quoted 
above, expressed a negative attitude towards pair-programming because the set-up 
limited the time that she was able to interact with the computer. She considered time 
not spent as the driver to be wasted.

Sandra: Because if I was sitting beside the keyboard, I really needed to explain all the brackets, 
all the sizes, whether it should be big or small. It was impossible to say - yes the object and 
then it and such . . . . . .

Interviewer: And didn’t you also feel that you learned something extra from explaining each 
parenthesis and such?

Sandra: No. Because then we did not move ahead. To just take IF A = B and then we need to 
write IF spaces . . . and then have to think for myself - God how is that spelled . . . should it be 
spaces there? Or should it be . . . ? Did I say ‘space’ or not? And so just the stuff, it wasn’t fun.
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The instruction was to switch the driver within the pair every 20 minutes. Often, this was 
not followed by the students. One reason that stands out is the connection between an 
idea and testing it by writing code. Sandra said:

. . . it felt like we were collaborating. But then I don’t remember who wrote the most. Because 
there we passed back and forth. But when she had an idea she got to write it. So I saw what 
she had . . .

To explain why they did not follow the instruction to switching every 20 minutes she said: 
“because you get a quick idea. If you begin to explain the start of that idea you lose 
the flow”.

All students expressed difficulties in adhering to that 20-minute rule. Sometimes there 
were social, interpersonal, or intrapersonal reasons such as being shy or one student 
being more skilled than the other. But even pairs with good cooperation did not switch 
drivers at regular, 20-minute intervals. Acting in the environment, the digital movement, 
seemed to be present before expression in natural language. Students build on intuition, 
which comes to life as a valid idea only through hands-on testing with the computer. 
A tested idea can eventually be expressed and explained in natural language, also 
referencing its material form now available on the computer screen.

Interviewer: So if you had an idea you wanted to write it?

Sandra: Yes.

Interviewer:And you didn’t want to explain it?

Sandra: No, and you could explain, but then it’s like if I had an idea. If I don’t know it works, 
I don’t want to teach it.

Interviewer: No.

Sandra: And if I think - yeah but we might use, or if you write the IF statement like this instead. 
And then it doesn’t work, then both I and my partner have heavily focused on [snöat in] that 
idea in a completely other way, then if I only had - yeah, but i think we might

This practical thinking is connected to habits as hunches built on experiences had but not 
expressed nor expanded. When it comes to ideas to test, students have to rely on 
intuition. You have many options to test, different lines of thought, but which should 
you choose? It seemed for many that the hunches were not thought of as expressed 
propositions, but were actions with some expectations of good consequences. But by 
trying and practicing practical thinking, students built up to an understanding that could 
in a later stage be expressed to others. The doing as acquiring a habit was expressed by 
one student Lars as a mechanical thing:

Mmm . . . so a lot of this with code has become like it’s eh . . . it has just come mechanically. We 
have had to do it so many times that after a while it’s just there.

Discussion

In this paper, I propose a theoretical foundation for the learning of programming as 
a practice and in particular, the role of interacting with the computer (writing code) using 
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pragmatism as a theoretical framework. From previous research we know that the first 
programming course is challenging (Bennedsen & Caspersen, 2007; Luxton-Reilly et al., 
2018; Robins, 2019). Reasons for this are not well-understood, despite years of research. 
Programming is essential to CS, which reveals situated action as underpinning the 
discipline. My analysis of detailed empirical accounts shows how students’ situated action 
can be understood in relation to both pragmatism and CSE.

The pragmatic concepts developed, ‘practical thinking’ and ‘come to agreement’, are 
used in empirical investigation of how students experience the hands-on of writing code 
during the first weeks of the programming course, in contrast to experiences of sitting 
next to the writer while solving the programming problems. Through my analysis I have 
found two significant themes of how individual students encounter programming. Both 
give insight into what goes on in the CS1 classroom. In the first theme, students are 
caught up between contradictory ideas of open/creative versus limited/strict – the way in 
which programming allows programmers to express themselves creatively but only in the 
context of the inflexibility of the computer’s responses – and have to come to terms with 
themselves and the new environment at the same time. Which direction this conflict takes 
may have an impact on the decision to either stay in the discipline, or quit after CS1. Can 
I come to agreement? Can I think with the computer? This has bearing on the ongoing 
discussion in CSER on lack of diversity in the discipline. In the CSER community there has 
been a long discussion of the “geek gene” and educators’ perceptions of students as 
either having it or not (Dehnadi & Bornat, 2006; Robins, 2010). This discussion has been 
widely criticized, but the narrative of programming around the contradictory ideas of 
open/creative versus limited/strict opens up the opportunity for students to judge of 
themselves as thinkers, and to consider whether their thinking fits in the already estab-
lished strict thinking patterns conveyed by computer responses.

In the second theme, students engage with the environment in small-loop inquiries, 
practicing action into habits through trial-and-error, enabling intuition instead of propo-
sition as the foundation of gaining knowledge. Using pragmatism as a research founda-
tion, as presented in this paper, may help us understand specific situations in 
programming education. It may also help us to explore and perhaps question basic 
assumptions of the discipline. In Dewey’s concept of inquiry, a problematic situation is 
the starting point. In the situation when a student tries to learn programming in the lab, 
the problematic situation throws all assumptions of what is going on up in the air, all at 
once, and students need help to evaluate which assumption to test and how to approach 
this practical problem.

These small-loop inquiries, described as movements in the computer environment, 
resembles Deleuze’s metaphor for learning to swim. The students have difficulties moving 
in the new environment even when they have theoretical knowledge and examples to 
follow, like a novice swimmer going from land to the water. One resource is to mimic the 
movement of the teacher and the instructions given (McCartney et al., 2009). Another 
important resource is a TA who, in a situation with an actual program, can lead the 
student through that particular code. Such situated guidance can enhance the under-
standing of both the error that started the problem, and how this new environment is 
structured, giving insight into how the written code affects the action of the computer in 
a holistic sense, like the Wittgenstein term “language game”. The need for expressing 
oneself and having experiences of interacting with the program is at odds with the social 
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needs to endure the emotional roller coaster, sinking in the water, when encountering 
programming as a novice. This insight could be a starting point to fill the research gap 
identified in the review by Luxton-Reilly et al. (2018), who found that the situation of 
learning to program is underinvestigated regarding students’ experiences and emotions. 
See also Von Hausswolff and Weurlander (2020) on this topic. The students need new 
experiences of this novel environment (the computer and its structure, history, etc.) but to 
get this, the conversation between the student and the computer needs to get going.

In CSER, the experience of students grasping the whole in a short time period, or even 
in an instant, has been described in the literature on learning to program. Notably, there 
has been a lot of research on threshold concepts in programming, aiming to identify 
troublesome concepts and to get insight into them (Sanders & McCartney, 2016). Even 
though great effort was placed in finding these concepts, it seems impossible to get 
a conclusive result (Sorva, 2010). It seems as though threshold experiences can be found, 
but at different times depending on the course structure, programming language, and so 
on. Robins (2010) argues that the structure of the content in programming involves a lot 
of different concepts that are intertwined (more than other subjects), and that this 
accounts for the confusion and why some students get ahead in programming and others 
get lost. Eckerdal (2015) argues from another standpoint that the practical element is 
underestimated and that learning to program should be structured around small chunks 
of practice and theory. All of this research fits well into the later Wittgenstein’s description 
of learning a first language. This seems crucial for novices when learning to program – the 
enactment of good habits shows the system behind it (Wittgenstein, 1969/1972).

Through experiences of practical thinking and in situ resources, the student gets some 
glimpse of an underlying system. Wittgenstein connects meaning in a natural language 
with the human situation: a form of life common to humankind in the same way that 
meaning in programming languages connects to how computers operate and are struc-
tured. Something of the whole is seen in the interaction with the computer environment, 
but only glimpses at a time (Wittgenstein, 1953/2009 § 206; 1969/1972 § 276). To view 
learning to program as ‘coming to agreement’ opens up the possibility of understanding 
the learning process as conversation. Terms used in the new language are built on 
a computer “form of life”, and both are learned side by side in situated action. For novices, 
confusion emerges as everything comes together all at once, accounting for difficulties 
described by research in CSE.

Conclusion

In answering the first research question “How can pragmatist theory help us to under-
stand novices’ experiences with hands-on programming?” I believe that the concepts 
‘practical thinking’ and ‘come to agreement’ show how pragmatic theory helps us to 
understand the situation of the novice programmer. This enables us to investigate doing 
as thinking in a specific, and for novices unknown, environment. A pragmatic view puts 
the doing with the computer in the forefront of understanding programming. Issues that 
have been investigated in CSER for a long time are seen in a new light when thinking and 
doing no longer form a dichotomy. My concept ‘practical thinking’ focuses on the 
intertwining of doing with cognition, informed by pragmatic theory. Programming is 
a clear example where the activity is the thinking, and that formation of habits is learning. 
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This ‘practical thinking’ comes before cognitive statements made in natural language. 
Practical thinking, and viewing programming as a conversation, makes the quality of the 
student’s interaction with the computer central to programming education.

The concept ‘come to agreement’ puts emphasis on students’ doing in an environ-
ment. The computer environment responds to the students’ actions/movements, and 
through that conversation the students gradually get to know this new environment and 
find an equilibrium. While the environment is unknown to novice students, it has been 
created and evolved through decades now within a tradition that includes hidden 
assumptions embodied in the structure of the environment. The ‘come to agreement’ 
concept highlights that there are two parties in the conversation, here I include role of 
tradition in the computer environment. The work that the novice student puts in to find 
common ground with the computer environment makes accomplishments together with 
the computer possible.

The second research question is in most parts answered in the results section of this 
paper. How can pragmatism and the developed concepts be used to understand the 
student experiences as reported in the interviews? Students perceive programming as 
creative and open but at the same time encounter the numb, rigid response from the 
computer environment. They come to agreement with the computer environment as they 
gradually get to use movements with expected results. The students’ success or failure in 
using these movements gives them an estimate of their thinking ability. In the interviews 
with the students their ‘practical thinking’ is connected to inquiry, creating habits of 
hunches built on experiences had but not yet expressed or expanded. Using the term 
“thinking” without necessarily involving expression in natural language is made possible 
within a pragmatic framework, which in my results prove to be fruitful in understanding 
the process of learning to program.

The contributions of this paper represent a new way of framing how students learn to 
program. In my view, this framing is fully compatible with common goals (learning 
outcomes) of a CS1 course, however it can have implications on how assessment and 
learning activities are designed and scaffolded in a course. ‘Practical thinking’ emphasizes 
the importance of exploring and connecting your own movements with the new envir-
onment, putting the experience of programming at the center. The experiential framing 
of ‘practical thinking’ can inform course design and be a counterweight to the well- 
established notion of ‘computational thinking’.

What implications might this have for programming teachers? I would propose an 
overall goal of meeting students as close as possible to their specific thinking externalized 
in their code. The students need individual concrete feedback on their specific tasks at 
hand instead of standardized feedback. TAs may need training in how to personalize their 
feedback to enhance the connection between the students’ own thinking and possible 
ways of getting unstuck. As the timing of this feedback also is important, TAs could be on 
call to answer specific questions related to the student’s own code. By emphasizing 
‘practical thinking’, teachers could communicate that time spent struggling, testing 
different lines of thought, is an important part of the learning process rather than simply 
being stuck. In line with this, teachers might consider loosening strict timelines for lab 
assignments.

This paper may also shed some light on why pair programmers do not switch at regular 
intervals and why it sometimes can be better not to. One suggestion to enhance ‘practical 

148 K. VON HAUSSWOLFF



thinking’ during pair programming is to connect two keyboards and two mice to the 
programming environment, equalizing the accessibility for ‘practical thinking’.

This framing also opens up for new research questions. How can the pragmatic 
framework be applied to teaching programming in K-12? How does ‘practical thinking’ 
evolve over a whole education with different programming languages? Can ‘practical 
thinking’ be a useful concept to understand teamwork in industry? One possible research 
approach in line with this framing is in-depth action research conducted by the teacher on 
the lab work and assignments. While individual teachers certainly are not ignorant of their 
students’ struggles, it seems to be beneficial for teachers to investigate the situated 
learning that takes place in their course, particularly given the large role TAs play in 
many programming courses.

I believe this framework gives insight in both course design and assessment, in that 
knowledge and measurement of knowledge have to be re-evaluated in a pragmatic light. 
I encourage such future research.
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