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Abstract—In this full research-to-practice paper we study 

novice programming students learning process in the computer 

laboratory. Working with laboratory assignments is an 

important component when students learn to program. Here the 

assignments are intended to help students consolidate 

theoretical understanding and simultaneously train practice. 

However, it has been observed that the learning outcome of such 

laboratory sessions often is unsatisfactory. In this article we ask 

the question “How do novice students go about learning in the 

computer laboratory?” We analyse empirical data on novice 

students working in pairs in the laboratory, which is common in 

a first programming course. The data consists of video films of 

students where they discuss and solve programming problems, 

screen captures of what the students typed during the same 

laboratory session, and stimulated recall interviews with the 

students after the laboratory session. In the analysis we use an 

approach inspired by phenomenography and variation theory. 

We specifically focus on typical stages in the learning process 

when students learn in the programming laboratory. In doing 

so we have identified successful and less successful learning 

paths, where variation can play different roles. The stages 

identified in students’ learning process are I. Students first need 

to become aware of a lack of clarity. In the data we have 

identified different ways in which this necessary awareness was 

trigged; II. If, and in that case how, they resolve the lack of 

clarity. In all the stages we found successful and less successful 

ways in which students’ handle the situations. We illustrate the 

stages and discuss how and why variation may play different 

roles in the different stages of students’ learning, specifically 

focusing of the unsuccessful learning paths. Lastly, we discuss 

what these findings can tell us about how programming labs 

could be designed to promote learning in terms of helping 

students to avoid the unsuccessful paths identified.  

Keywords—Programming, Laboratory, Learning process, 

Novices, Phenomenography, Variation Theory 

I. INTRODUCTION 

In this article we discuss preliminary findings on 
programming students’ learning progress in the computer 
laboratory. Programming has become an increasingly 
important part of school education as well as many higher 
education programs. Introductory programming has however 
been reported to be difficult to learn, and despite much focus 
on how to teach introductory programming, and how students 
learn it, many problems seem to prevail [1], [2].  

An important learning activity in computer programming 
courses is that students work with programming assignments 
in the computer laboratory. This is intended to help 
consolidate theoretical understanding of programming and to 
train the skills to solve programming problems in practice. 
This article reports on findings from a research project focused 
on the relationship between students’ learning of theory and 
their learning of practice in the computer laboratory. Our 
research question is: 

How do novice students go about learning in the computer 
laboratory? 

The outline of the paper is as follows. Related work and 
the theoretical framework are presented in Section II, and the 
empirical study in Section III. We then describe the analysis 
in Section IV and the results in Section V. Section VI presents 
Discussions, and Section VII Conclusions. 

II. BACKGROUND 

Novice programming is a well-studied research area. 
Some examples of such areas are problems with high dropout 
and failure rates [1], [2], [3]; emotional factors influencing 
students’ learning like self-efficacy and motivation [4], [5], 
[6], [7]; tools to support students’ learning [8], [1]; 
inequalities such as gender issues [9], [10]; different content 
and teaching techniques [6], [2]; and misconceptions [11], 
[12]. For an overview of research areas see [1]. 

The present study focuses on novice programming 
students’ learning in the computer laboratory. Learning in the 
laboratory is highlighted as central for students’ learning in 
important documents like the ACM/IEEE Computing 
Science Curricula [13]. Previous research points to the 
importance of as well as problems related to learning in the 
laboratory [14], [15].  In the computer laboratory students are 
expected to learn concepts [16], [17] as well as programming 
skills [18], [19]. Eckerdal et al., [20] found that students had 
problems learning both the theory and practical skills as well 
as “to translate from an abstract understanding to concrete 
implementation”, that is to do the hands-on programming. 
Höök and Eckerdal [15] found that time spent at the computer 
programming hands-on was the most important factor for 
success in a first programming course. Most previous 
research focus on theory and practice separately, while the 
present study focus on the learning process where theory-



oriented as well as practice-oriented actions contribute and 
interplay in students’ learning. 

The theoretical underpinnings of the project can be found 
in phenomenography [21] and variation theory [22]. While 
phenomenography aims to explore the qualitatively different 
ways, in which something (usually labelled a phenomenon in 
phenomenographic literature) is experienced or understood 
by a certain group of people, variation theory takes these 
distinctions further, to base a pedagogy from the insights of 
phenomenographic research. The basic assumption here is 
that variation is a necessary, even though not sufficient, 
condition for learning. That is, while phenomenography aims 
at revealing the variation in how someone experiences (or 
understands or sees) something, variation theory deploys 
such variation as a mean to develop teaching. This is done for 
example by keeping aspects of the phenomena invariant (or 
stable) while another aspect(s) varies. It is argued that this 
would be a fruitful way to use for a teacher to make the 
varying aspect visible for the leaner, and that is in this way, a 
new aspect of the phenomenon available for the learner.  

In this project we thus, among other things, explore 
aspects of variation that come to the fore during teaching in a 
general sense, for students learning programming. In this 
paper we focus on variation in students approaches to problem 
solving in the computer lab, specifically how they use theory-
oriented and practice-oriented actions in their learning 
process. 

As the project takes its theoretical point of reference in 
phenomenography, issues of the trustworthiness of the project 
are generally discussed in terms of credibility, transferability, 
dependability and confirmability, as suggested by Lincoln & 
Guba [23]. Following the rather well agreed procedures for 
phenomenographic research, we argue that the analysis of 
Sandberg [24] is relevant for our project. 

III. THE EMPIRICAL STUDY 

The article present results from a larger study where we 
investigated the interplay between how novice students learn 
theory and how they learn practice in the computer laboratory 
[25], [26]. To this end we video filmed students from three 
Swedish universities in natural laboratory settings, scheduled 
in courses mandatory for the students to take. The learning 
goals for the laboratory assignments were similar but the 
programming language differed, Java at two universities and 
Python at one. During the particular laboratory sessions, we 
video filmed, students worked with similar topics. The Java 
exercises addressed methods that return value, and the Python 
assignments concerned functions. 

29 students in 13 teams were video filmed, about one hour 
per team. Each team consisted of two or three students 
working together in front on one computer, solving 
programming problems. The students volunteered to 
participate in the study. Two of the authors attended each 
laboratory session. The teams were video filmed from behind 
to get an overview of how they all behaved, and the computer 
screens were captured together with the students voices so we 
could follow in detail their progress and discussions. The day 
after the laboratory session, or a few days after, we had 
stimulated recall interviews individually with all students. For 
the present analysis the main data source has been the films of 
the computer screen with the students’ voices and what they 

typed. We have only to some extent used the film from behind 
and the interviews. 

IV. ANALYSIS 

We first searched through all the films for sequences 
where we judged that students seemed to have learned 
something, or got a new insight in relation to the goal of the 
lab. We call these identified sequences episodes, inspired by 
Ingerman et al. [27]. The possible episodes were identified and 
analysed by the first author, and then discussed by all authors, 
until consensus was reached. The analysis presented in this 
article is built on eight such episodes, each one not more than 
a few minutes long. 

We initially analysed each episode in a way proposed by 
[26], inspired by phenomenography and variation theory [21], 
[22]. This analysis highlights how theory and practice interact 
in students’ learning and which role variation, in the sense 
described in variation theory [22], plays in students learning. 
In doing so we both consider the variation that was created by 
the teacher in the laboratory material, and the variation created 
by the students when discussing and trying out different 
suggested solutions to problems in code. The result from this 
analysis has been presented elsewhere [25], [26]. 

In a next step the results of the first analysis were studied 
in relation to each other with the aim to find common patterns 
across episodes using an inductive content analysis approach 
[28]. We focused on the evolution of the learning process in 
each episode. The three authors carried out the second step of 
the analysis collectively. In an interactive process, patterns 
were suggested, assessed in relation to the pool of results from 
the first step of analysis, revised, assessed again, etc., until 
consensus was reached. 

V. RESULTS 

In this project, we call what the students say and do 
actions. We use the term theory-oriented action when, in our 
interpretation, students discuss general principles, for example 
what a programming construct like if-statements means. We 
use the term practice-oriented action when, in our 
interpretation, the students do something in a specific case, for 
example write an if-statement in the code they work on, or 
read from the lab material. 

A. Examples from the data 

In the following we show, for illustration, two examples 
of an identified episodes. To preserve anonymity, the student 
names in these excerpts are fictitious. Moreover, male and 
female names have been used randomly, without considering 
the actual gender of each student. Translation to English was 
done by the authors. The episodes are from a course where 
students first encounter Java constructs in laboratory sessions. 
The written instructions for a session contain a short 
introduction to one or more constructs. The students are asked 
to try them in exercises, before the constructs are explained by 
the teacher in a lecture. 

Episode A. 

When the episode begins, the students have written a 
method with the given head int distClosestWall() which is 
supposed to calculate and return the distance between a Turtle-
object and the closest of the four “walls”, that is the frame of 
the window the turtle appears in. The students copied the 
method head but initially printed out the distance instead of 



returning it. They get a compiler error. One of the students 
finds a similar example in the lab instruction and reads aloud. 
We illustrate the interaction between practice-oriented and 
theory-oriented actions in the episodes with the letters P and 
T respectively. The distinction between the kinds of actions is 
not clear-cut, this is our interpretation. The episode develops 
as follows: 

A1.      P Bill: “before the method name it says double which  
               means that the method should return a value of this  
               type.” [reads aloud] 
A2. T     Celia: [reads the error message] “missing return  
               statement” Does it mean that nothing is there? 
A3.      P Bill: [types return] 
A4. T      [… The students discuss how to write the return  
               statement] 
A5. T      Bill: But I understand that return is kind of… 
A6. T      Celia: System.print.out, isn’t it? Or, what’s the  
               difference? 
A7.      P Bill: Returns an answer [reads from the lab 
               instruction] 
A8.      P [… The students continue the discussion and change  
               the code to return y, which is correct.] 
A9.       P Celia: When do we use System.print? 
A10. T     Adam: It’s kind of the same thing 
A11. T     Celia: But why didn’t it work here? 
A12. T     Adam: I suppose it’s because we use int 
A13.     P Celia: Aha, int and return, and System.print.out is 
                 that void for example? 
A14. T     Bill: I guess int and double needs a stop signal kind  
                of … 
A15. T    Celia: Okay 
 
Table 1. An illustration of how theory-oriented (T) and practice-
oriented (P) actions interact in students’ learning and support a 
successful learning process. 
 

In our interpretation, the learning outcome of this episode 
is that the students reach a partial understanding of the relation 
between the return value and what is returned from a method.  

Episode B 

In Episode B, two students are working with an exercise 
where the task is to write a method to draw a circle on the 
computer screen. According to the lab instructions, this should 
be a method which does not return a value. The only thing that 
should happen when the method is executed is that a circle 
should appear on the computer screen. The episode develops 
as follows: 

B1.      P [David types ”public”] 
B2.      P David: Should we make an int?  
B3.  T      Erica: But do we need to make an int? It won’t come  
               out a number, it should, yes. 
[…] 
B5.  T      Erica: We will let in a number. But then we perhaps  
               don’t need an int before? 
B6.  T     David: Don’t know. 
B7.  T     Erica: It should only run now. 
[…] 
B8.      P [David reads the description of to the assignment in  
                the lab instruction: “Write a method  
                void drawCircle(int radius)”] 
B9.      P  David: Ok, it should be void [types ”void”. Types  
               ”public void” on the screen.] 

B10. T    Erica: What does void mean? I forget. 
B11. T    David: [Sighs] Yes what is void now again. I think  
               void means that it doesn’t… 
B12. T    Erica: It doesn’t print anything [snaps her fingers] 
B13. T    David: … It doesn’t print anything… 
B14. T    Erica: Bang, it just does something, that’s it. 
B15. T    David: Hm, right, it doesn’t expect anything … It  
               shouldn’t be an answer. 
B16. T    Erica: … but it should just do something. 
B17.    P David: And it should be called drawCircle  
               [David types ”drawCircle(int radius)” which makes  
               the method head    
               “public void drawCircle(int radius)”] 
 
Table 2 Illustration of a second learning episode where students’ 
variation of theory-oriented (T) and practice-oriented (P) actions 
leads to successful learning. 

 
In this episode the students struggle with how to express 

the type of value to be returned by the method. At the end of 
the episode they have become aware of the keyword “void” in 
Java, referring to a method that does not return any value.  

B. The learning process 

After having identified and analysed several episodes like 
the ones used for illustration above, we found that the learning 
process in the episodes could be described in terms of two 
stages, with specific variants of each stage. Fig. 1 summaries 
our findings on the successful episodes, and adds examples of 
sequences that were not successful. The dark squares illustrate 
the successful episodes, while the light-coloured squares 
illustrate the unsuccessful ones. At the top and bottom of the 
figure are the identified approaches, typical for the successful 
and unsuccessful sequences respectively in squares with 
rounded corners.  

 

Fig. 1. Two stages of students’ learning with successful episodes 
(dark) and unsuccessful sequences (light), and respective typical 
learning approaches identified. 

Stage I: Becoming aware of a lack of clarity 

A recurring pattern in our data is that practice-oriented 
actions cause students to become aware of a lack of clarity in 
relation to the object of learning. That is, the practice-oriented 
action helps students to discern what they do not know 
theoretically or are not capable of doing. This can make 



students give up, or focus on something not relevant for the 
problem, or it can begin an episode of learning. This can then 
begin an episode of learning. In our data we have observed 
three different variants of this stage: 

• The awareness comes as a result of discernment of 
variation in relation to some aspect of the object of 
learning.  

• The awareness is triggered by students’ immediate 
recognition that there is something in the lab exercises 
that they do not know or understand.  

• The awareness of lack of clarity follows from the 
students observing that an error occurs, for example that 
the compiler issues an error message or that the program 
yields an incorrect result when executed. 
 

Episode B illustrate the first variant of Stage I. When 
David types ‘public’ and considers to type ‘int’, a practice-
oriented action, the students realize a lack of clarity, they 
don’t know how to continue. In a theory-oriented discussion 
they then recall what ‘void’ means. Similarly, episode A 
illustrates the second variant of Stage I. The awareness of a 
lack of clarity comes from students’ realizing that they don’t 
know neither the syntax nor the semantics of return values in 
method heads, which starts a theory-oriented discussion. 

Stage II: Resolving the lack of clarity 

In Stage II of an episode, the students try to resolve the 
lack of clarity. In some cases, they did not manage to identify 
what was the problem but focus on something not relevant for 
the problem at hand. If they focus on the relevant critical 
aspect, they typically do that through a variation that is the 
interplay between practice-oriented and theory-oriented 
actions. The interplay is characterized by frequent switches 
between theory-oriented actions, like the discussion on the 
difference between return and print in episode A, and practice-
oriented actions, like when Bill reads and types.  By this 
interplay, the students first come to discern variation with 
respect to some aspect of the object of learning (or explore the 
corresponding dimension of variation further, in case they 
already discerned this dimension in Stage I). Then, in a second 
part of Stage II, the interplay is used to make meaning of the 
variation. We have observed two kinds of outcome of this 
stage of an episode: 

• The meaning constituted by the students is adequate but 
incomplete, i.e., it does not fully address the problem at 
hand. Episode A is such a case. Eventually the students 
in that episode type the correct return statement (A8) and 
Adam and Bill try to explain why (A12, A14). The 
students seem to have obtained a first glimpse of the 
relation between the return value and what is returned. 
However, they neither appear to understand the syntax 
completely nor to grasp the full meaning. Consequently, 
this episode is an example where the students manage to 
partially resolve the lack of clarity. 

• The meaning constituted by the students is adequate and 
fully addresses the problem at hand. For example, after 
action B8-9 in Episode B it is clear to the students that 
the right answer to the question of what to write after 
“public” in this case is “void”. However, they do not 
leave it by that. Instead they continue with a theory-
oriented assessment, in statement B10-16, where they try 
to make sense of “void” being the correct answer. They 

do not leave the issue until they have recalled the 
meaning of “void” (a concept that they had encountered 
in a previous part of the introductory course in 
programming) and they subsequently have established 
that this meaning agrees with their own understanding of 
what the method in the current exercise should do. 
Finally, they have resolved the lack of clarity 
completely. 

 In summary, in Stage I the students become aware of a 
lack of clarity, which initiates an episode of learning. In Stage 
II the actual learning takes place through interplay between 
practice-oriented and theory-oriented actions in frequent 
switches. This helps the students to discern variation with 
respect to some aspect of the object of learning and to make 
meaning of the variation. 

Unsuccessful sequences 

An episode is defined as a sequence of the laboratory 
session where the students manage to learn something on their 
own (i.e., without needing to ask the teacher for a full 
explanation). However, when we have looked for episodes in 
our data, we have often found sequences where students 
became aware of a lack of clarity, but where nevertheless no 
learning took place. Examples of these are light grey in Fig. 1. 
For this analysis however, we focus on which roles the theory-
oriented and practice-oriented actions play. We have observed 
three typical cases of such unsuccessful sequences. 

Case 1: The students are not able to resolve the lack of clarity, 
despite trying 

In some sequences, students became aware of a lack of 
clarity and continued with a second stage, where they tried to 
resolve the lack of clarity, but failed. For example, we found 
in the data examples of students focusing on something not 
relevant to their problem, e.g. they suggest that the number of 
spaces in the Java code cause the compiler error which was 
not the case. 

We observed that in such cases, the students often took 
only practice-oriented actions. They made a sequence of 
unsuccessful attempts to modify the program by practice-
oriented trial and error, but finally they gave up. However, we 
also have examples of sequences that became unsuccessful 
since the students only took theory-oriented actions. They got 
stuck in theory-oriented discussions and gave up without 
having tried any of their ideas in practice. It seems vital for the 
learning that students are encouraged to make frequent 
switches between theory-oriented and practice-oriented 
actions during lab-sessions. 

Case II: The students think that they reach clarity, but their 
conclusion is erroneous 

There are also sequences where the students become aware 
of a lack of clarity, then try to resolve it and experience their 
efforts to be successful. The students think that they have 
clarified the issue, but we as researchers conclude that the 
meaning constituted by the students is inadequate to resolve 
the lack of clarity. 

Case III: Continue without trying to resolve the lack of clarity 

If it was possible to continue with the lab exercise despite 
the lack of clarity, some student groups did not take the 
learning opportunity. This can happen at any point in the 
learning as illustrated in Fig. 1. The following is an excerpt 



from one of the stimulated recall interviews that were made 
after the video recorded lab sessions: 

Fred: […] Because it says “public” there for example 
[pointing to the code], we didn’t have a clue what it meant, but 
we saw that everyone had written it, so we assumed it was 
something that had to be there. 

Apparently, the students in Fred’s group were aware of a 
lack of clarity but decided to leave this unresolved. There are 
several examples of this kind of “unreflecting practice” in our 
data, where students do something based on how they or 
others have done it before, without trying to understand the 
reason behind. 

VI. DISCUSSION 

This section discusses our findings and possible 
implications for teaching. We identified two stages in 
students’ learning process in the laboratory.  

In Stage I of the learning process the students need to 
become aware of a lack of clarity. We found that practice-
oriented action often helps students to discern what they do 
not know theoretically or are not capable of doing. However, 
we have identified sequences in the data where students did 
not even realize that there was a problem in the first place. 

In Stage II practice- and theory-oriented actions are taken 
in an attempt to resolve a lack of clarity. Practice-oriented 
actions can be seen as examples of what Schön refers to as 
‘reflection-in-action’ [29]. In the same way, theory-oriented 
actions in Stage II can be seen as examples of ‘reflection-on-
action’ [29]. Our data specifically points to the importance of 
the interplay between the two for learning in the laboratory. 

We found episodes where students failed to identify what 
is critical in the problem. This has previously been discussed 
in phenomenographic research [30]. We believe this is 
common among novice programmers who cannot see through 
all details in the code and e.g. understand compiler messages.  
Even if students become aware of what the problem is, they 
do not always manage to resolve it, as discussed in Section 
V.B above. In Case I, we notice two distinct approaches that 
are not always successful. First, students might take theory-
oriented actions only, or second, they take practice-oriented 
actions only. The first approach is less discussed as 
unsuccessful in educational literature and might be common 
specifically in programming education [14]. We see 
sequences in our data where students spend lots of time 
discussing their code without changing and re-compiling it. 
The students in the episodes study a program where they are 
probably used to focus on theories, which may explain the 
finding of this approach in the data. The second approach, 
where students only take practice-oriented actions, we label 
‘un-reflected practice’. We have seen two variants of this. 
When a lab exercise is designed so that students can continue 
with the task without resolving the lack of clarity, they may 
simply go on instead of taking the learning opportunity offered 
by the lack of clarity. Adam says in the interview: 

Adam: I’m the kind of kind of person who, I don’t need to 
know everything when I do things. I don’t like to know, 
understand everything, I just want to do it, and then, if it works 
it works. 

Another example of un-reflected practice is ‘trial and error 
coding’ where students seem to randomly, with no or little 
reflection, test different code structures with the sole goal to 

make the errors disappear when compiling. They may then 
find a solution that allows them to continue with the task, but 
they have still not resolved the lack of clarity. 

Students using this trial and error approach miss a learning 
opportunity. However, successful interaction between 
practice-oriented and theory-oriented actions can also, at a 
cursory glance, be interpreted as trial and error. The difference 
is that in the successful cases, when the practical trial 
generates an error, the students assess this theoretically and 
base the next trial on a “hypothesis” resulting from this 
theoretical assessment. This can explain why previous 
research [31] found that trial and error is one of the strategies 
used by successful computing students to overcome 
difficulties and thus make progress in learning of both 
concepts and skills. 

Our results indicate that it is vital for the learning that 
students are encouraged to make frequent switches between 
theory-oriented and practice-oriented actions during lab-
sessions. This is in contrast to too long focus either on theory-
oriented actions like discussions only, or practice-oriented 
actions like when students randomly try different code 
solutions without reflection. The teacher can make the 
importance of frequent switches explicit to the students, and 
construct the lab material in a way that encourages such 
switches. One way of doing this could be to include many 
theoretical questions closely connected to detailed aspects of 
the labs’ learning goals as reflected in the coding exercises. 
We emphasize detailed questions since it is obvious in our 
data that novices get stuck on details that the teacher might not 
even realise is a problem. An example of this from our data is 
a group of students who, in a long sequence of discussions and 
practical trial, tried to understand both the meaning and syntax 
of curly braces in Java.  

Another suggestion to make it likely that students 
frequently switch between practice-oriented and theory-
oriented actions is to make material for both kinds of actions 
readily available. That many student groups in our data pool 
did switch frequently between practice-oriented and theory-
oriented actions, may be due to the fact that the teachers who 
designed the laboratory exercises provided easy access to the 
theory by including explanations to relevant concepts together 
with the assignments, and in addition readily available online 
documents with short explanations of concepts like the if-
statement, the for-loop, the main-method etc. as part of the 
laboratory material. We believe this was important since 
novices might find it hard to find relevant information online 
if not guided, and not students buy the text book. Episode A 
illustrates this. In A1 and A7, Bill is reading such explanation 
of return values. Our interpretation is that this lowered the 
threshold for the students to take a fruitful approach, switching 
between practice-oriented and theory-oriented actions as they 
go between reading the theory documents, discussing with 
each other, and writing code while solving the assignments. 

We suggest that these approaches can support students 
learning and might discourage students from believing their 
erroneous solution to a problem is correct, and even prevent 
them from leaving a problem unresolved 

VII. CONCLUSIONS 

In this article we asked How do novice students go about 

learning in the computer laboratory? We investigated university 
students’ learning process when they worked with 
programming problems in groups of two or three, in the 



computer laboratory. When the learning process is successful 
(see Stage II), students can discern and make meaning of 
aspects of the object of learning not previously discerned. This 
however requires that students first realize that there exists a 
lack of clarity, what that lack of clarity is, and that they then 
try, and manage, to resolve it. One problem is that students 
might believe that they have solved the lack of clarity if, for 
example, they get no compiler error, while they in fact have 
not solved it. One such example from the data was a group of 
students who did not understand what “return a value” means 
and changed the method head from public int to public void, 
then let the method print the result and believed the 
assignment was done. Further, even if the students discern a 
lack of clarity but the laboratory assignment is constructed in 
a way that allows students to continue without trying to 
resolve it, an important learning opportunity might be lost. For 
the students to make an effort to resolve the lack of clarity 
requires that they have good strategies and that there are 
sufficient resources to support the students so they don’t give 
up. We suggest that carefully constructed lab material, which 
encourages frequent switches between theory-oriented and 
practice-oriented actions, and with theoretical and practical 
resources readily available, can support successful learning. 
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