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Abstract—There is a continued need for basic research on
how beginners learn programming across different contexts.
In research aiming at measuring effects of learning, ways of
measuring programming knowledge are needed. The aim of
this paper is to describe a process of establishing validity of
a context-specific assessment tool for novice programming. Our
case is an ongoing research project that investigates the effects of
and mechanisms behind learning computing programming from
hands-on experiences. For that context, we have constructed and
validated an assessment tool i.e., a programming knowledge test
with a connected scoring rubric based on an introductory three-
hour teaching session. We relied on three ways of arguing for how
our assessment of knowledge is considered valid in this process:
previous research, an empirical sample, and intersubjective
knowledge judgments. The main result of our study is the test
with the scoring rubric and our arguments for its validity. We
also present some tentative findings from the research project
on the role of hands-on in learning programming. Both the area
of hands-on, as well as the context-specific process, seem to be
fruitful topics of future research, particularly combined with a
pragmatic action and communication theory.

I. INTRODUCTION

Basic knowledge of computer programming is now consid-
ered relevant for all citizens. Similar to many other countries,
Sweden’s National Agency for Education has proposed a
new curriculum that explicitly introduces programming and
strengthens digital competencies. With new curricula that
explicitly introduce programming into schools, there is an
increasing need for basic research about how beginners acquire
relevant practical and theoretical knowledge in the subject
domain. In research aiming at measuring effects of learning,
e.g., in experiments, quasi-experiments, or in evaluating an in-
tervention, assessment tools that measure programming knowl-
edge are needed. Standardized tools to measure knowledge in
computer science education are rare due to the subject novelty
in schools. Even if a standard test is available, it may not fit the
particular context, including the particular content. This is the
case in our research project and a context-specific assessment
tool had to be developed.

In this paper we describe a process of developing such
a context-specific assessment tool. Our case is an ongoing
research project in Sweden and we constructed an assessment
tool specific to that context (i.e. a programming knowledge
test with a connected scoring rubric). The relevant parts of

the larger research project will be described in order to
give an understanding of the case-specifics that make out
the preconditions for our assessment tool. We have chosen
to rely on three ways to argue for how our assessment of
knowledge is considered valid in the process of developing
our context-specific assessment tool: previous research, an
empirical sample, and intersubjective knowledge judgments.
The participants in the projects had no or minor previous
knowledge of programming. Based on previous research, we
thus selected the concepts to go into our lesson plan, namely
learning simple syntax combined with sequence and loops.

To establish a valid scoring rubric, three researchers in the
field of computer science education, who are also experienced
teachers in programming at the university level, evaluated the
student answers. These intersubjective knowledge judgments
were used to establish interrater reliability, which builds on a
Deweyan account of knowledge. The three researchers were
involved in a process consisting of three phases of independent
grading with incrementally developed scoring rubrics and
critical knowledge assessment discussions.

A. Research Context

The ongoing research project, that this study is a part of,
investigates the effect of and mechanisms behind learning
computing programming from hands-on experiences, at upper
secondary school and university (described further in [1]). As
a part of this research project we will study novice students
learning to program in an experiment setting in a computer lab.
At the core of the experiment is a three-hour teaching session
were students with no previous programming knowledge work
with programming assignments. The teaching session consists
of the teacher presenting programming concepts and showing
examples of problem solving with programming. The students
work in groups of two, a pair programming inspired setting
[2]. In pair programming two persons work together to solve
a problem at a computer. They alternate between being the
“driver”, who types the code, and the “navigator”, who is
responsible for detecting errors and helping to solve the
problem. In our setting however, the driver and navigator never
change roles.

The reason for this design is that it supports the inves-
tigation of hands-on vs. hands-off, in that both students in
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a pair are involved in the problem solving, but only one is
hands-on during the teaching session. We aim to investigate
how attention, motivation, stress and long-term memory are
affected by hands-on and hands-off learning, respectively.
Previous research has suggested that these factors may explain
the beneficial effects of hands-on. This experiment will also
include functional magnetic resonance imaging (fMRI) of
participants’ brains shortly after the teaching session. All data
will be correlated with the results from the programming
knowledge test to evaluate what role each factor plays. The
project is thus greatly dependent on a validated assessment
tool.

B. Aim and Research Question

The aim of this paper is to describe a process of establishing
validity of a context-specific test with a connected scoring
rubric for novice programming. The overall research question
is thus: How can validity of a context-specific knowledge test
for novice programming be established?

II. BACKGROUND

A. Choice of content

In our teaching session we introduce simple syntax, se-
quence, and while-loops to the students. We refer to these as
three categories, where sequence and while-loops are concepts.
Other categories could have been chosen, but simple code
writing and reading tasks require knowledge of basic syntax
and sequence. In addition we decided that the while loop
concept would be useful since it opens for many different
exercises. These categories are also identified as central in
many common CS1 text books and curricula documents [3]–
[5] as well as in previous research.

Soloway [6] and Goldman et al. [7] identified loop as an
important but problematic concept to learn, and Kaczmarczyk
et al. [4] found “a number of misconceptions all related to
an inability to properly understand the process of while loop
functioning” among novice programmers. The authors further
found that “[s]tudents cannot trace code linearly” (p. 108). The
skill linear tracing relates to the concept sequence which is
one of our key concepts.

In their literature review investigating learning trajectories
of basic concepts in K-8 programming education, Rich et al.
[8] focused on sequence, repetition and conditional. Concepts
for beginners are suitable for our research on learning objec-
tives in the first thee hours of learning programming. Two of
the concepts are interesting for our purposes: sequence and
repetition. Rich et al. showed a number of learning objectives
for each concept which they had divided into categories of
beginning, intermediate, and advanced (p. 187). For the con-
cept sequence, our teaching session matches the authors’ listed
objectives, namely that the order of instruction is important
for the output; and that new instructions can affect when and
which instructions are executed. For the repetition trajectory,
we have diverged in two aspects. First, we focused on the
while loop instead of discussing several kinds of repetition.
We included all other learning objectives at the beginning and

intermediate level. Second, we omitted the learning objective
about nested loops, which were the only one classified as
advanced.

B. Assessment of programming knowledge

Previous research has discussed how to best assess pro-
gramming students’ knowledge. Luxton-Reilly et al. [9] ex-
amined 417 exam questions including code, developed for
first programming courses. Their analysis of the questions
revealed that seemingly straightforward questions contain mul-
tiple components. Assessing using such complex questions
means that students can fail for many reasons, while being
prevented from showing concepts they do know. The authors
argued for a wider use of single-concept assessment questions.
The results of Luxton-Reilly et al. indicated that we should
embrace programming knowledge as situated in a specific
context that depends on the learned programming language.
Consequently, the syntax of that language would be part
of programming knowledge together with knowing specific
concepts.

Similarly, Robins [10] claimed that the compound and
intertwined nature of the programming subject is a reason for
students’ problem to learn to program. Petersen et al. [11],
following Lister [12], also argued that the way that pro-
gramming is assessed could cause the high failure rate in
CS1 classes, together with the many intertwined concepts.
In a review of fifteen exams from fourteen North American
institutions, Petersen et al. examined assessments of both skills
and concepts. They found that writing code questions where
commonly used to assess programming skills, e.g., the skill
to write code (54% of the questions), and also short answer
or multiple-choice questions to assess reading code. Petersen
et al. concluded that both writing code and short answers
involved on average seven concepts; three for multiple-choice
questions. As a result, they suggested to use more multiple-
choice questions that tests only one or two concepts at a time.

C. Validity and Interrater Reliability

Different ways to validate introductory programming tests
have been investigated in previous research. Tew [3] developed
a validated language independent instrument to measure CS1
conceptual knowledge. To this end she performed document
analysis of common CS1 textbooks, and studied the current
ACM/IEEE curriculum guidelines [5]. A 2016 replication
study [13] extended and further validated Tew’s instrument.
However, those instruments were unsuitable for our purposes
as they differ from our case in three important ways. First, they
were designed to test knowledge after a whole semester of
teaching, second, they were language-independent, and third,
they used only multiple-choice questions. Bloom’s taxonomy
has been applied to programming tasks and tests [14], and
Kasto [15] developed ways to measure the level of difficulty
of code writing tasks based on the SOLO taxonomy [16]
and commonly used software metrics. The limitation of the
content in our test makes however both Blooms’ and the SOLO
taxonomy difficult to use for us.



Due to the lack of validated tests for CS knowledge in
general and programming specifically [17], more research into
validation of tests for different purposes are needed. The
recent development of and interest in concept inventories in
CS addresses one part of this need [18]. When the need is
highly dependent on a specific context as in our project, then
the process of creating and validating a test for that context is
another way of tackling the problem of measuring programing
knowledge.

Inspired by Parker et al. [13] we will discuss validity in
terms of construct validity and content validity. The authors
present a study similar to ours in that they investigate the
validity of a knowledge test. They write:

Construct validity considers the extent to which
performance on an assessment can be interpreted in
terms of one or more constructs. Construct validity is
thus intended to show that the test measures what it
is intended to measure. Content validity considers
the extent to which assessment questions provide
an adequate and appropriate sample of the domain
tasks. (p. 97, italics in original).

Parker et al. write that the two types of validity together
“provide evidence that an assessment is working as intended”
(p. 96).

In the present study, content validity was established by a
thorough selection of which main concepts, i.e. sequence and
loop, to introduce in the teaching material. Beside the concepts
a category of knowledge connecting to the practical writing in
the Java language were included, i.e. syntax. The selection
was further detailed and included parts like the tokens curly
bracket and semicolon, which belong to the category syntax.
All parts were listed and checked by both authors. From this
list we constructed the test questions.

Construct validity was established in that the categories
were combined with the skills read and write code, resulting
in two types of questions: code-writing questions and non-
writing questions. Non-writing here means that the answer to
the questions did not include code-writing or sentences in a
natural language. Construct validity was strengthened by the
fact that the different categories and question types were in-
formed by and grounded in aforementioned previous research
and subsequently tested by the commonly used measurement
Crombach’s alpha [19].

The empirical sample described in this paper then provided
us with information on the level of difficulty of each question
so that we could fine-tune the final test after we had devel-
oped the scoring rubric and graded the student answers, see
Section III.

We will here discuss reliability in terms of interrater re-
liability. Stemler [20] argues that interrater reliability could
be denoted by different measurements. Two of those are
consensus estimates and consistency estimates (p. 1).

Consensus estimates are based on the assumption that
different raters should be able to agree exactly on how to
use the rating scale when rating student answers. We will use
consensus estimate to measure two researchers’ independent

ratings on the same student answers at different times in the
process.

Consistency estimates are based on the assumption that
exact agreement is not necessary between raters as long as
the raters are consistent within the scale applied to categories,
score or applying a scoring rubric [20, p. 3]. We will use con-
sistency estimates for comparing the scoring between different
scoring rubrics at different times in the process of constructing
a scoring rubric.

D. Theory of Learning and Intersubjective Knowledge

Our theoretical standpoint is a pragmatic view of knowledge
and learning. This research is focused on hands-on experience
in learning programming and has a strong emphasis on practice
in acquiring both knowledge and skills. The embrace of
practice in education is not a new phenomenon. The pragmatic
thinker and educationalist John Dewey argues practical action
as necessary part of acquiring knowledge, in his pragmatic
action and communication theory [21]–[23]. As described by
Biesta and Burbles [24], a pragmatic view on learning is
a process of inquiry and builds on an ontology of transac-
tional realism and an intersubjective theory of knowledge.
The learner has a transaction with their environment in a
process of inquiry. Actions together with already established
knowledge inform the learner and intersubjective knowledge
is created through communication. Dewey’s intersubjective
theory of knowledge holds that knowledge is not objective nor
is it completely subjective. The intersubjectivity of knowledge
relies both on already established knowledge (in an informed
community) and the communication with peers in that in-
formed community.

In this paper the pragmatic theory of intersubjective knowl-
edge plays an important part in arguing for the validity of
the constructed tool (i.e. a programming knowledge test with
a connected scoring rubric). We argue that the tool measures
knowledge in programming in an intersubjective way that takes
the established community of educators in programming into
account.

Previous research has pointed to the beneficial effects of
hands-on in programming education research [25], [26]. The
important role of hands-on 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 of itself [27], [28]. There seems to be consensus
among students as well as teachers that hands-on is important
[29]. Lahtinen et al. [29] found in a survey on programming
education with answers from 559 students and 34 teachers that

the biggest problem of novice programmers does
not seem to be the understanding of basic concepts
but rather learning to apply them. [...] both students
and teachers agreed that the practical learning situ-
ations were the most useful (p. 17).

Not only the application of theoretical knowledge is important,
the learning goes both ways—also from practice to conceptual
knowledge, as shown in [30]. A spiral approach to teaching
programing has been advocated for a long time [31] where



learning is built up by moving between syntax programming
and semantics in terms of different concepts. It builds the
conceptual understanding by visiting the same concept several
times in greater depths. This is also one of the ideas behind
our design of the teaching session.

III. DEVELOPING THE CONTEXT-SPECIFIC KNOWLEDGE
TEST AND SCORING RUBRIC

The development of the context-specific knowledge test and
scoring rubric was done over three phases, described in de-
tail in the following sections. Three researchers/programming
teachers were involved, denoted Researcher A, B, and C.

Phase I: Researchers A and B developed the lesson plan.
Researchers B and C constructed the test.

Phase II: Researcher C conducted the fieldwork of the
empirical data sampling, while Researchers B and C did the
initial evaluation of the student answers and constructed the
first scoring rubric in that process.

Phase III: Two parallel processes were conducted: One
process consisted of Researchers A and C establishing the in-
terrater reliability. The other consisted of all three researchers
establishing the scoring rubric and ensuring the intersubjective
knowledge measurement of the test.

A. PHASE I

The teaching was conducted in Swedish as was the knowl-
edge test. Necessary parts of the test were translated into
English for this paper.

1) The teaching session: The goal of the first part of
the teaching sessions (1.5 h) was to initiate understanding
of sequence of instructions through the Java language and
text output, to enable students to write code that compiles
and gives the desired outcome. This introduction necessarily
included a focus on Java syntax e.g., declaration of variables,
variables types, curly bracket, semi-colon at the end of each
statement, and so forth. The general understanding of how to
give instructions in sequence was taught simultaneously with
the Java syntax.

The second part (1.5 h) relied on the learned understanding
of syntax and sequence but extended this knowledge to loop
statements (only while statements). In addition to introducing
loops as a concept the statements were shown in a graphic
setting letting the program control the movement of a turtle.

We used a spiral approach to our teaching, as advocated
by [31]. Explanations and exercises were interleaved, and
concepts were introduced with gradually more depth and
repeatedly, and with variation [32].

2) The test: The test was developed in relation to what
was taught during the teaching session, namely simple syntax
and the concepts sequence and loop. Results from previous
research [9], [11], [33] shows that simple Java syntax as
well as more semantic concepts causes difficulties when
answering programing questions. This suggests that at least
some questions in our test should assess concepts and syntax
independently, which is in line with [11]. The code-writing

questions were analyzed into parts belonging to different
categories (for more detail see Section IV-B).

Another variable to consider when constructing the test
was the form of the questions. Two main considerations were
taken into account. The first one was that the students wrote
programs during the teaching session and that this should
be reflected in how the knowledge was tested. In three of
a total of eight questions, students were instructed to write
code on paper displaying a solution to a programming task
(code-writing questions). The code-writing questions required
an answer of about ten lines of code, a compound answer
that includes several concepts and syntax. Some of the non-
writing questions were constructed to test parts of the content
independently.

The second consideration is the need of resemblance be-
tween questions in the test and questions for our planned
fMRI setting, i.e. yes and no questions. Five of the eight test
questions were either multiple-choice questions or questions
were the student should give the output of a displayed program
(non-writing questions). These types of questions could easily
be altered to variations of yes and no questions and thus
prepare the students for the fMRI test. Figure 1 illustrates
the final structure of the test.

B. PHASE II

The second phase was the empirical data sampling.
1) Experimental design: The purpose of this empirical data

sampling was to validate the knowledge test in a setting that
was as naturalistic as possible. Three hours of teaching was
conducted, after which the students took the knowledge test.
The experiment design was an between-groups study (hands-
on versus hands-off).

2) Participants: One of the authors contacted three upper
secondary schools asking if students in the natural science
program could participate in our study, the short introductory
Java course including the teaching session with a subsequent
knowledge test. Three classes participated, two of them in one
school where the participating students were in their first year
of the study program, age 16 or 17. The third class was in
another school with students in the second or third year, age
18 or 19.

After the first two sessions, the test was evaluated and
some minor errors corrected. The order of the questions was
altered so that it reflected the level of difficulty. The third
student group was taught a month later. The participants were
slightly older and the setting was more focused. 75 students
participated in the three sessions altogether, of which 15
had previous programming experience. A pre-condition for
inclusion in the empirical sample is that the participants had
never programmed before. Therefore, the 15 students with
previous experience were excluded.

3) The teaching session: In the pre-planned and structured
teaching session the teacher explained syntax and concepts
and showed examples on a screen. The students listened and
performed practical exercises on the computer. The students
worked in pairs, about half of the students hands-on and the
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Fig. 1. Final structure of the test. The width of the area of each question corresponds to its maximum score.

other half hands-off. The assignment of hands-on and hands-
off was randomized within the pairs. The students themselves
selected their partner to work with. Even though we tried to
get even pairs and instructed the students to be either hands-
on or hands-off some of the students ended up working alone
resulting in slightly more students in the hands-on group than
the hands-off group. The programming language used was
Java with DrJava development environment [34]. Directly after
the teaching session, the students took the test individually
measuring their knowledge of programming.

C. PHASE III

The final phase involved the process of ensuring the inter-
rater reliability and validity of the test. To ensure that the three
researchers reached a rating agreement, we used a procedure
of independent ranking of difficulty of each question, the
independent construction of different scoring rubrics, and
individual markings with several scoring rubrics.

In a parallel process, we aimed at validating the test as a
knowledge assessment tool that allows rating on an interval
scale. This last process included individual markings, inde-
pendent judgments of the relative weight of the questions in
relation to each other, and a holistic comparison between some
of the student answers.

We selected 16 student answers for a more detailed ex-
amination. They were all answers from the students with no
prior experience of programming from the third session in the
empirical study. The third session was selected as the setting
and the age of the participants closer resembled the planned
experiment. All of the activities in Phase III were conducted
on these 16 student answers.

1) Agreement of the consensus estimate: Developing the
final detailed scoring rubric R4 included constructing several
rubrics independently, scoring with different rubrics, and dis-
cussions between researchers. Discussions took place during
three meetings approximately one month apart, with indepen-
dent work before and after each one. We label these meetings
m1, m2, and m3. The time before m1 is labeled t0, the time
after m1 is t1, and so on. Researchers A and C both took part
in the meetings as well as in the individual work in between.
Researcher B took part in the two last meetings (m2, m3).
Four rubrics, R1–R4, were developed, R4 being the final one.

Initially (t0), Researchers A and C created two scoring
rubrics independent of each other (R1 and R3). Both re-
searchers then used one of them, R1, and independently
scored 16 anonymous student answers. This was done to
evaluate different ways of judging programming knowledge.
The scoring was later compared and the differences in scoring
were discussed question by question. Their ratings had a high
agreement ratio considering that scores could range from 0

to 55 and only exact agreement was counted. The agreement
ratio is higher still if the exactness demand is loosened to
allow a difference of at most 1 point as suggested by Stemler
[20]. During meeting m1, rating errors were discovered and
judgments were discussed, resulting in an updated scoring for
both researchers and a higher percent agreement (see Table I).
The minor disagreements mostly concerned the code-writing
questions and helped formulate the scoring rubric in a more
exact form (R2).

The other initial rubric (R3) was then used in a similar
way—first scoring independently and then comparing. Both
researchers A and C marked the 16 student answers again
using this scoring rubric (Rubric R3) with a high percent
agreement (shown in Table I). The reliability of the scoring
rubric was tested simultaneously.

TABLE I
LEVELS OF AGREEMENT: STUDENT ANSWERS RATED AT VARIOUS TIMES

IN THE SCORING RUBRIC DEVELOPMENT.

Time Scoring rubric Agreement ratio Agreement ratio
(difference ≤ 1 point)

t0 Rubric R1 (0–55 points) 31 % 94 %
t1 Rubric R2 (0–55 points) 56 % 100 %
t1 Rubric R3 (0–34 points) 56 % 88 %

t0: Before the first meeting. t1: After the first meeting

2) Validation of the scoring rubric and consistency esti-
mates: To establish the weight between the questions and
within different parts of one question, all three researchers
met (m2) and discussed the relative difficulties. Examples
from the 16 student answers were used in the discussion.
The initial scoring of the 60 student answers using Rubric
R2 was also used to evaluate the difficulty of the questions.
The average solution rate ranged from 13 % to 77 % over
the different questions. The question that got 77 % average
solution rate was considered the easiest, while the question
getting 13 % solving rate was considered the most difficult.
After this meeting (t2) a further improved scoring rubric was
constructed (Rubric R4). It had a range of 0–44 points and
could, with our calibration of knowledge judgments, now
measure programming knowledge in our specific context on
an interval scale.

For a final validation of the scoring rubric, an additional
meeting was arranged (m3). All three researchers were in-
structed to rate pairs or triplets of student answers that had
come close in the scoring, without using the scoring rubric,
and argue for their rating. In this final meeting a high degree
of agreement was found but an issue with the scoring rubric
was detected. In the aim of getting precise instructions in the
scoring rubric, the holistic quality of an answer was sometimes
lost in one or two of the code-writing questions. It had



become fairly easy to get points for demonstrating fragmentary
knowledge of programming even though the answer in a
holistic sense was of poor quality. A restriction on getting
any points at all on two of the questions was thus added. The
non-parametric statistical test we planned to use, Wilcoxon
significance test, relies on the order of the data. Because of
that we wanted to ensure that we got the order in accordance to
the researchers’ intersubjective judgment. We thus developed
a method of separating student answer results with the same
score from each other, by judging some questions as more
difficult. The final scoring rubric, with this restriction, we still
denote Rubric R4.

Correlation analysis confirms a high level of consistency
between the different rating rubrics, shown in Table II. Cor-
relation is measured with Spearman’s rho as the data does
not follow a normal distribution. Stemler [20] suggests this as
an appropriate measurement for grading with different scales
but with the same underpinning construct. We thus used this
measurement to control the effect of using different scoring
rubrics while grading the same student answers.

IV. RESULTS

The main result of the study reported in this paper is
the context-specific assessment tool, namely the test with
the scoring rubric, and the development process described in
this paper. In this section we will discuss some results and
constrains identified.

A. The test and the scoring rubric

This test is now ready to be used in a controlled experiment
setting, with the potential to test hypotheses with the non-
parametric Wilcoxon significance test. The reason for using the
non-parametric test although the score data is on an interval
scale is that we have no theoretical reason to assume that
the results follow a normal distribution. O’Boyle & Aguinis
[35] argued against the assumption that human performance
is normally distributed, based on their study of 198 samples
that were remarkably consistent across types of performance
measures and time frames. According to [10], there is empiri-
cal evidence which contradicts the assumption of a bell curve
in novice programming students’ performance. Our results
confirm the theory in that respect, following a non-normal
distribution (Figure 2). While the distribution is different from
a bell curve, the two categories (hands-on and hands-off)
were shown to have the same distribution (Figure 3), also a
precondition to use the Wilcoxon significance test.

1) Returning to validity: The lesson plan and the test
rely on established categories (syntax, sequence, and loop).
The knowledge is tested with two types of questions: code-
writing questions and non-writing questions. In constructing
the scoring rubric, both the question type and the category
are taken into account. This resulted in finalization of the
scoring rubric, as well as consensus about the difficulty of
the questions established, through the intersubjective process
of the three researchers described above. The final structure
of the test is shown in Figure 1, with the maximal score

TABLE II
CORRELATIONS OF TEST SCORES JUDGED ACCORDING TO SCORING

RUBRICS AT VARIOUS TIMES IN THE DEVELOPMENT.

Rubric R2/t1
Researcher A

Rubric R3/t2
Researcher B

Rubric R4/t3
Researchers A,B,C

Rubric R1/t1
Researcher B 0.975** 0.979** 0.976**

Rubric R2/t1
Researcher A 0.989** 0.974**

Rubric R3/t2
Researcher B 0.980**

t1: After meeting one. t2: After meeting two. t3: After meeting three.
** Correlation is significant at the 0.01 level (2-tailed), N=16.

of 44 points and the scoring data on an equidistant interval
scale. While the categories are different in some respects,
they are not independent of each other. The concept of loop
depends on the concept of sequence since a loop consists of a
sequence being repeated. Furthermore, to enable the students
to learn these abstract concepts, the concrete syntax of the Java
language was intertwined. For analytical purposes we measure
the three categories separately in the test and can hence use
the empirical sample to test the construct validity.

An often-used measure of construct validity, internal con-
sistency, is Cronbachs alpha, which refers to how closely
related items are [19]. Cronbachs alpha coefficient was 0.73
for our three categories, which is considered acceptable. This
indicates that our categories measure the same underpinning
knowledge but also differ in some respects. Cronbachs alpha
coefficient was also used to test the sameness of the two ques-
tion types (code-writing questions and non-writing questions).
Here, Cronbachs alpha was 0.87 for the two types of questions,
which is considered good and indicates that the two types of
questions measure the same type of knowledge. Both these
results strengthen the reliability of our constructed test.

2) More about the test: As shown in Figure 1 the code-
writing questions (numbers 5–6 and 8) could give a maximum
of 22 points, which is the same as the non-writing questions
(1–4 and 7). The category scores were divided in this manner:
syntax 8 points, sequence 10.5 points, and loops 25.5 points.
All the categories where divided equally between code-writing
and non-writing questions. The loop category gives about
1.5 times the amount of points compared to the other two
categories together. That mirrors the structure of the teaching
session. The loop category includes the more difficult ques-
tions and to some extent builds on the understanding of both
syntax and sequence. The width of the area of each question
in Figure 1 shows the distribution of the questions maximum
score.

B. Examples of the test questions

To further explain and show concretely what the knowledge
test looks like, we will present three of the eight questions but
only discuss the scoring in detail for one of the questions, num-
ber five. The three questions were selected to show different
examples from both the categories and the question types. We
present the shorter questions due to the space limitation. Two



questions are non-writing questions and one is a code-writing
question. The first question on the test (1A) is an example of
the type non-writing and category syntax.

QUESTION 1 A. Which of the statement(s) a) - l) below is/are correct
when inserted in line 3 in the program Write?

1 public class Write {
2 public static void main(String[] arg) {
3

4 System.out.println(firstName);
5 }
6 }

(a) String firstName = Joe
(b) String firstName = ”Joe”;
(c) firstName = ”Joe”
(d) firstName = Joe
(e) String firstName = ”Ann”;
(f) String name = ”Joe”;

(g) name = ”Joe”
(h) name = Joe
(i) String name = ”Ann”
(j) String name = Joe
(k) firstName = ”Ann”;
(l) name = Joe;

Listing 1: Example non-writing question: syntax

Students were allowed to select one or many answers to
this question which contributed to the difficulty. Selecting both
correct answers, (b) and (e), gave 2 p (points), while selecting
only one gave 0.5 p. For this question the average solution
rate was 61 %. This positions question 1A among the easier
in the test, as the average solution rate ranges from 19% to
73%. The average solution rate is calculated by dividing the
mean value by the maximum value on that question. This also
gave an estimate of the difficulty of each question.

Next is Question 5 of our test—the first and easiest of the
type code-writing questions and in the category sequence. We
discuss the scoring in detail to give the reader a feeling for
the scoring process.

QUESTION 5. Finish the program MyFigure below so that is gives
the following output:

My rectangle:
The width is 5
The height is 8
The area is 40
The circumference is 26

public class MyFigure {
public static void main(String[] arg) {
int width = 5;

Declare at least one additional variable. Use your variables for
calculations and output. Tip: there might exist more than one solution.
Tip: print-statements start like this: System.out.println(

Listing 2: Example code-writing question: sequence & syntax

This question asked the student to write a piece of code. The
question gave 7 p maximum; 4 for syntax and 3 for sequence.
The syntax scores were determined as follows: 0.5 p for adding
the variable height with correct value; 0.75 p for using the
semicolon token correctly; 1 p for putting the text correctly in
the output; 1 p for using the quotation mark token correctly;
and 0.75 p for using the concatenation token correctly. The

sequence scores were determined as follows: 1 p for using
variables in the calculations; 1.5 p for printing all the values
calculated and 0.5 p for using variables, and not numbers, in
the print statements. The average solution rate for this question
was 51 %. Some divergence between researchers was detected
through this process, but they were minor and the scoring
rubric was subsequently expanded with details to avoid such
differences.

Finally, our seventh question is of type non-writing, in cate-
gory loop—and the most difficult of the non-writing questions
with an average solution rate of 21%.

QUESTION 7. Which output does the program Count give?

public class Count {
public static void main(String[] arg) {
int y = 5;
int x = 1;
while (x < = 3) {
System.out.println(x*y);
x++;

}
}

}

Listing 3: Example non-writing question: loop

The question gave 7 points in total for the correct answer:

5
10
15

The scores were determined as follows: The first 5 gives
1.5 p; show a repetition three times gives 1.5 p; including 10
gives 2 p; and including 15 2 p.

Questions 5 and 7 are examples of questions that, as a
whole, are categorized as sequence and loop respectively but
still contain possibilities of getting scores in other categories.
In this way we are able to track what kind of knowledge
the student displayed when answering the questions, while
taking into account the intertwining nature of programming
knowledge.

C. Statistics from this study

The final grading scores of all the 60 student answers is
shown in Figure 2. Figure 2 also shows that the distribution
of the scores do not follow a normal distribution. Through
the process of establishing a scoring rubric and evaluating the
difficulty of the questions, we argue that the test score is on
an ordinal scale and equidistant, which sums up to metric data
on a interval scale.

The same distribution is shown in both of the student
groups hands-on and hands-off (Figure 3), which is one of
the preconditions for using Wilcoxon significance test. The
Independent Samples Mann-Whitney U test shows that the
distribution of the test scores is the same across the groups
hands-on/hands-off (significance level of 0.05).

Using the final grading scores, the Wilcoxon significance
test was conducted giving a score of u = 0.09 (one tail). This



is not a significant result and the higher score of the hands-
on group could thus be explained by chance. The results are
however interesting as a preliminary indication that the group
of hands-on has a tendency to preform better (Figure 4).
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Fig. 2. Histogram of student test scores. The x-axis is the results on the test
and the y-axis is the frequency.

Fig. 3. Distributions of test scores for the hands-off (left) and hands-on (right)
groups independently.

Fig. 4. Median test scores: hands-off (left) and hands-on (right).

D. Other results to be examined in further research

To further explore the results, additional correlation tests
were conducted between question category, question type, and
hands-on/hands-off. There seems to be a stronger correlation
between the outcome of the syntax scoring and hands-on,
than between the sequence scoring and hands-on. The loop
questions correlated the least with hands-on.

Examining individual patterns of performance, the data
show that half of the students perform equally well over all
of the categories (30 students), while the other half display
patterns of performing better or worse in some category. Seven
students show a pattern of preforming better at the code-
writing questions, and 16 performed worse at the code-writing
questions. There was an equal distribution between hands-on
and hands-off and also between female and male students
when it comes to the patterns concerning the code-writing
questions.

12 students displayed a pattern of preforming better at loop
questions, and 15 students displayed a pattern of preforming
worse at loop questions. The distribution between male and
female was even but the distribution between hands-on and
hands-off was not equal when it comes to the results concern-
ing the loop questions. Among the 12 students that preformed
better at loops nine were in the hands-off category, and among
the 15 students preforming worse at loops 10 were in the
hands-on category. As shown above the hands-on category
performed better overall. We think these results of individual
patterns are interesting and something to look into in future
research in the larger research project this study is a part of.

V. CONCLUDING DISCUSSION

We have described a process of creating a valid, context-
specific tool for measuring programming knowledge. Our
present study, which is part of an ongoing research project
investigating the importance of hands-on experience when
learning to program, was used as a case for creating a
programming knowledge test with connected scoring rubric.

The process includes identifying knowledge content
grounded in tradition through previous research, combined
with an empirical sample and intersubjective knowledge judg-
ments. How these three parts are combined in the described
process reflects our view of knowledge in the domain of novice
programming.

An important conclusion is that measuring programming
knowledge is a relational activity. As has already been pointed
out (e.g. by [20]), important aspects of a knowledge test belong
both to the test itself, and also to the context it is used in.
A Deweyan account may relate this to a false dichotomy
of ‘objective’ versus ‘subjective’. If we instead embrace an
intersubjective view of knowledge, we can focus our analysis
on the communicative practices involved in creating and using
the knowledge test.

From our described process, we may also conclude that such
communicative practices benefit from careful considerations
of consensus and disagreements. Analysis of agreement of the
consensus estimate and consistency estimates helped create
confidence that an unstructured process might not. We can also
point to possible dangers of an overly-specific focus for knowl-
edge judgments. Our process benefited from complementing
the scoring rubric with holistic assessments, see Section III.

VI. FUTURE WORK

Both the area of hands-on, as well as the context-specific
process, seem to be fruitful topics of future research, particu-
larly combined with a pragmatic action and communication
theory. In the larger research project this study is part of,
we gather different kinds of student data relevant for under-
standing the role of hands-on in novice programming students’
learning. With a validated knowledge test we hope we will be
able to correlate these data with the results from the knowledge
test and thus get a deeper understanding of how hands-on may
help students’ learning to program.
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