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Introduction

Answers to the questions of which instructional
methods are suitable for school, what instructional
methods should be applied in teaching individual
subjects and how instructional methods support the act
of learning represent challenges to general education and
education in individual subjects. The wide range of
instructional methods is almost incomprehensible. The
associated literature describes a broad spectrum of
instructional methods ranging from methods of
conveying and acquiring knowledge to management
methods for games, movement, emotions, groups, health,
violence and conflicts.

CTL (2015) cites 150 instructional methods, Gugel
(2011) more than 2,000 methods including their
variations. There are well-prepared monographs of
instructional methods available (e.g., Ginnis, 2001;
Petrina, 2006; Joyce et al., 2008; Davis, 2009; Petty,
2009; Brenner and Brenner, 2011; Cruickshank et al.,
2011). The monograph from Joyce et al. (2008) is
helpful in bringing order to the variety of concepts,
with classifications of the instructional methods for
teaching  families  (social interaction family,
information processing family, personal family,
behavioral modification family).

Meyer (2002) is a source of a very general definition
stating that instructional methods are the forms and
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Abstract: Answers to the questions of which instructional methods are
suitable for school, what instructional methods should be applied in
teaching individual subjects and how instructional methods support the act
of learning represent challenges to general education and education in
individual subjects. This article focuses on computer science teachers’
examination of instructional methods supporting knowledge processes in
the act of learning. A survey was conducted in which computer science
teachers evaluated 20 instructional methods in regard to the following
knowledge processes: Build, process, apply, transfer, assess and integrate.
The results of the study show that certain instructional methods are
especially predestined for computer science education: Problem-based
learning, learning tasks, discovery learning, computer simulation, project
work and direct instruction.

Education, Teaching Methods,

procedures with which teachers and school pupils
appropriate the natural and social reality surrounding
them while observing the institutional framework
conditions of the school. There are very divergent
views of what an instructional method is according to
its general definition. There are also numerous
synonyms depending on whether instructional
methods are addressed in the context of learning
forms, teaching forms or teaching approaches and
principles. A stricter definition of method (than the
one formulated above) which also represents the
conceptual starting point for this article comes from
Huber and Hader-Popp (2007): “The word method is
understood to mean a clearly defined, conceptually
perceivable and independent, if also integrated,
component of teaching.” (Huber and Hader-Popp, 2007).

Many theoretical learning/teaching approaches
make a distinction between phases/processes/cycles
for which instructional methodology aids are
formulated; overviews of such are provided by
Tennyson et al. (1997) and Petrina (2006). For
instance, Merill (2002) suggests that the most
effective learning environments are those that are
problem-based and involve the student in four distinct
phases of learning: (1) Activation of prior experience,
(2) demonstration of skills, (3) application of skills and
(4) integration or these skills into real world activities.
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The theory from Collins et al. (1989), which has situated
learning at its core, reveals four main phases: Modeling,
scaffolding, fading and coaching. Cognitive oriented
approaches (Bruner, 1966; Gagné et al., 2004) link
instruction to the acquisition and processing of
knowledge. They emphasize three (cognitive/knowledge)
processes in the act of learning: Acquisition of new
information, transformation (manipulating knowledge to
make it fit new tasks), evaluation (checking whether the
way we have manipulated information is adequate to
the task) (see Bruner, 1966; Merriam and Caffarella,
2006; Gowda, 2010).

Several articles in the computer science
educational magazine LOG IN are interesting from
methodological and practical teaching points of view.
LOG IN already raised awareness of the necessity of
new instructional methods in computer science
education twelve years ago (Seiffert and Koerber,
2003). Among the publications found in the LOG IN
heading ‘Practice and Methodology’ there are more
than 20 reports featuring the following instructional
methods: Direct instruction, inductive approaches,
research-based learning and the experiment method,
concept mapping, discovery learning, problem
solving, self-directed learning, project teaching;
simulation and modeling and role-play (LOG IN,
2006; 2015).

The search through the magazines and conference
reports on computer science education (ACM
Transaction on Computing Education, Computer Science
Education, Journal of Educational Computing Research,
Special Interest Group Computer Science Education
Bulletin) provided findings related to computer science
education in regard to constructivist teaching activities
(Mark and Grissom, 2001), the “eXtreme teaching”
approach (Andersson and Bendix, 2006), holistic
teaching and learning (Thota and Whitfield, 2010), the
influence of instructional methods on the design of
computer programs (Hung, 2012), the effect of games on
motivation in teaching (Freitas and Freitas, 2013), the
reduction of learning content (Kilpeldinen, 2010), the
application of formal modeling (Barnett and Windley,
2006; Carro et al., 2013), the effectiveness of two-person
team programming (Braught et al., 2011), the
effectiveness of cooperative learning instructional
methods (Beck and Chizhik, 2013) and the application of
the experiment (Schulte, 2012).

Whereas the curricula from ACM (2003; 2008; 2013)
contains no statements regarding instructional methods,
the ‘Computer Science Educational Standards for
Secondary Education Stage I° (Torsten, 2008)
recommend various instructional methods (e.g. direct
instruction, project, group and free work) and learning
forms (e.g., subject-related, interdisciplinary, self-
directed learning).
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There are numerous empirical findings on the
effectiveness of learning. In his compilation drawing on
800 meta-analyses into which more than 50,000 studies
were included Hattie (2009) provides information on
the influences on learning with respect to six domains:
Contributions of the person learning, the parental
home, the school, the instructor, the curricula and
teaching. In particular, the domain of teaching (Hattie,
2009, Chapter 9 and 10) provides information on the
effectiveness of instructional methods/approaches.
High effect sizes (d>0.50) were demonstrated for
microteaching (d = 0.88), reciprocal teaching (d =
0.74), feedback (d = 0.73), problem solving (d =
0.61), direct instruction (d = 0.59), mastery learning
(d = 0.58), case study (d = 0.57), concept mapping (d
= 0.57), peer tutoring (d = 0.55), cooperative (Vs.
competitive) learning (d 0.54) and interactive
instructional videos (d = 0.52).

The available educational literature provides
specific information in response to the question
regarding which instructional methods are to be
applied in teaching individual subjects, e.g.,
Choudhary (2004) for biology, Knight (2002) for
physics as well as Bennet and Hibbs (2007) for
mathematics. Textbook publisher Cornelsen (2015)
has published secondary education methodological
manuals for 14 educational subjects in its
‘Methodology’ series, but none for the subject of
computer science.

There is as yet no standard reference work for
computer science education which extensively
addresses the application of instructional methods for
school. The literature contains descriptions on the
application of solving problems (Koffmann and
Brinda, 2003; Hubwieser, 2013), group work (Iron et al.,
2004), rich tasks, concept-mapping (Hazzan et al.,
2011), pattern-oriented instruction (Muller and
Haberman, 2008), lab-centered instruction (Titterton et al.,
2010), discovery learning and project teaching
(Hartmann et al., 2006) and visualizations (Fincher and
Petre, 2004; Agneli et al., 2013).

In view of the fact that there is little empirical
material to date on instructional methods in computer
science education, three objectives have been at the
forefront of the interest of a research project at the
Institute of Mathematics and Computer of the
University of Education Ludwigsburg: (1) An
inventory of computer science instructional methods:
What instructional methods are currently in use in
computer science education?, (2) Instructional
methods for the subject of computer science: What
instructional methods are appropriate for computer
science education? and (3) Specific application of
instructional methods for the subject of computer
science: To what degree do instructional methods
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support the act of learning in computer science
education?

The following research hypothesis is linked with
these three objectives: “Instructional methods for the
subject of computer science differ in supporting the
act of learning with respect to computer science
teachers” opinions.”

This article is structured as follows: The content in
section 2 consists of the (research) methods applied,
describing the study design and procedures as well as the
data analysis strategy. Then, we give a detailed account
of our findings. In the last section we discuss the
findings and, finally, draw implications.

Method
Research Design
Selection of Instructional Methods

The review of a series of instructional methods
manuals (Ginnis, 2001; Petrina, 2006; Davis, 2009,
Joyce et al., 2008; Petty, 2009; Brenner and Brenner,
2011; Cruickshank et al., 2011) revealed more than 50
instructional methods to choose from. The review was
characterized by the requirement that instructional
methods had to pass the muster as being capable of being
understood as clearly defined, conceptually perceivable
and independent components of the instruction.

The following criteria were applied for the final
selection of the instructional methods: (1) The actual
application of the instructional methods in computer
science education, (2) the application of the
instructional methods in science subjects (mathematics,
informatics, natural sciences and technology) and (3)
empirically examined instructional methods. The
following 20 instructional methods (in alphabetical
order) were able to be selected on the basis of these
criteria: Case study, computer simulation, concept
mapping, direct instruction, discovery learning,
experiment, guidelines text method, jigsaw method,
learning at stations, learning by teaching, learning
tasks, models method, portfolio method, presentation,
problem-based learning, programmed instruction,
project work, reciprocal teaching, role-play and web
quest (see Appendix A. Instructional Methods).

Processes Involved in the act of Learning

There are numerous variations in educational
literature relating teaching to learning as an act spread
over time and to phases which can be distinguished
during the course of learning (Bruner, 1966; Petrina,
2006; Olson, 2007; Davis, 2009). What all of the
variations have in common is that learning (1) has a
starting point, (2) a sequential form and (3) a
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(generally preliminary) end point. Educational
literature describes this as the classic three-step
pattern divided into the steps labeled entry, work
phase and graduation. These three steps have
particularly large distinctions in their educational
functions and in the knowledge processes of the act of
learning. Particularly in the work phase, important
knowledge processes (Bruner, 1966; Merriam and
Caffarella, 2006; Gowda, 2010) can be distinguished
in the act of learning. This indicates the processes in
the acquisition of knowledge (build, process), in the
transformation of knowledge (apply, transfer) and in
the evaluation of knowledge (assess, integrate) (see
Appendix B. Knowledge Processes).

Experimental Design

An RBF-20x6 experimental design (Randomized
Block Factorial design, 2-factor design with repeated
measures, Fig. 1) is used to test the research hypothesis
(Winer et al., 1991; Kirk, 2012).

Independent Variables

Factor 4 comprises the p = 20 instructional methods
with factor levels ay, ..., ay. Case study, computer
simulation, concept mapping, direct instruction,
discovery learning, experiment, guidelines text method,
jigsaw method, learning at stations, learning by teaching,
learning tasks, models method, portfolio method,
presentation, problem-based learning, programmed
instruction, project work, reciprocal teaching, role-play
and web quest. Factor B represents the ¢ = 6 knowledge
processes with factor levels by, ..., bs: Build, process,
apply, transfer, assess and integrate.

Dependent Variables

The dependent variable was the respondents’
evaluation of the instructional methods with respect to
the six knowledge processes. Ratings were given on a
six-point scale with ratings ranging from 0 (“not
significant”) to 5 (“very significant”).

Power Analysis

The sample size for the RBF-20x6 experimental
design (Mueller and Barton, 1989; Mueller et al.,
1992) is determined with a type II power analysis - N
as a function of power (1- f), A and a. The desired
power (1-f) is 0.80 and only large effects (4 = 0.80)
in relation to the dependent variable are classified as
significant; the significance level is a = 0.05. Then a
total sample of approximately N =120 computer
science teachers is needed, based on the power
calculations by Mueller and Barton (1989),
respectively, by Mueller et al. (1992) for e-corrected
F-Tests.
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Fig. 1. Layout of the used RBF-20x6 experimental design

Operational Test Hypothesis

Given the study design and the above specification of
the independent and dependent variables, the operational
hypothesis of the study can be formulated as follows:
"Instructional methods for the subject of computer
science differ in supporting the act of learning with
respect to computer science teachers’ opinions, as
operationalized by computer science teachers” ratings on
a six-point scale of the knowledge processes build,
process, apply, transfer, assess and integrate."

Procedure
Sample

For the empirical study, a total of 120 computer
science teachers working at secondary schools in the
German State of Baden-Wiirttemberg were contacted in
writing and asked to fill out a questionnaire on the
application of instructional methods in computer science
education. The computer science teachers who
completed and returned the questionnaire taught
computer science in the grade levels 11 and 12/13. On
average they had taught computer science for
approximately 7.5 years; in addition to teaching
computer science, all of the computer science teachers
also taught the subject of mathematics.

Questionnaire

The questionnaire consisted of a short introduction
listing the 20 instructional methods and the 6
knowledge processes. The questionnaire was
accompanied by a booklet (Author, 2014; 2015) for
the teachers describing the 20 instructional methods in
accordance with a uniform scheme containing (1) a
brief description and explanation, (2) concrete
execution steps, (3) and examples from the relevant
literature verifying the application of the instructional
method in computer science education.
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Tasks
The p= 20 instructional methods and the ¢=6
knowledge processes were then presented in

alphabetical order in a matrix with the instructional
methods in the rows and the knowledge processes in
the columns. Participants were asked to indicate the
relevance of each of the 20x6 = 120 matrix cells: Each
cell represents a combination of an instructional
method and a knowledge process and requires an
integer from 0 (“not significant”) to 5 (“very
significant”) indicating the relevance of the
combination (see Appendix C. Questionnaire).

Return Rate

To maximize the return rate, we mailed the
questionnaire in sealed, personalized envelopes
enclosing a pre-addressed return envelope franked with
stamps showing flower designs (see Dillman, 2000 for
recommendations on increasing return rates). The
return rate was 20% (N = 24 completed questionnaires
of 31 received questionnaires), which can be regarded
as a normal rate for surveys conducted by post (cf.
Vaux and Briggs, 2005).

Data Analysis

The following procedure is recommended for the
analysis of the experimental data (original data, see
Appendix D. Data): (1) The data are initially analyzed
descriptively. (2) Then a two-factor Analysis of
Variance (ANOVA) with repeated measures was
conducted in accordance with the RBF-20x6
experimental design (see Winer et al., 1991, Chapter
7). (3) Finally, a cluster analysis is calculated aimed at
identifying groups of instructional methods which can
be characterized by their support of similar knowledge
processes in the act of learning.

The data on the RBF-20x6 experimental design were
analyzed using IBM SPSS Statistics 22.0; the power
analysis was calculated using PASS 13.
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Results
Descriptive Findings

The heat map seen in Fig. 2 contains the means
(N =24) for the 20 instructional methods with respect
to the six knowledge processes: Build, process, apply,
transfer, assess and integrate. The figure also contains
the grand means of the instructional methods with
respect to the means of the knowledge processes. The
instructional methods are sorted in accordance with
these grand means.

Figure 2 shows initially that problem-based learning
was assessed by the computer science teachers as the
best method for supporting the act of learning in
computer science education; this method is followed by
five additional instructional methods: Learning tasks,
discovery learning, computer simulation, project work
method and direct instruction.

In a more detailed observation the heat map reveals
that problem-based learning is distinguished by high
values (>3.50) for all knowledge processes. The
instructional method learning tasks is characterized by
high values for the knowledge processes of process and
apply. The discovery learning instructional method
demonstrates high values for the knowledge process
build. Particularly high values (>4.00) for the knowledge
process build are shown by the direct instruction
instructional method, which additionally has relatively
high values (>3.00) for the knowledge processes process
and apply. Whereas the computer simulation
instructional method is characterized by relatively high
values for the first four knowledge processes, the project
work method is notable for relatively high values with
the knowledge processes apply, transfer and assess.

The following instructional methods in the heat map
are also noteworthy: The models method due to its
relatively high values in the knowledge process apply,
programmed instruction due to its relatively high values
in the knowledge processes build, process and apply,
learning at stations due to its relatively high values in the
knowledge process of process and finally presentation
and the experiment method due to their relatively high
values in the knowledge process build.

The following instructional methods had relatively
low values in all of the knowledge processes (<3.00):
Learning by teaching, case study, the jigsaw method,
concept mapping and the guidelines text method. Web
quest, reciprocal teaching and the portfolio method
were rated as relatively poor (<2.50) in all of the
knowledge processes.

Analysis of Variance

To examine whether the combinations of
instructional methods and knowledge processes within
the act of learning differ, three statistical hypotheses
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are formulated which are tested at the significance
level of a = 0.05.

Statistical Hypotheses

The three null hypotheses are as follows:

e The means of the instructional methods u,, us, ...,
U under the 20 levels of factors 4 are equal, i.e.:

Hy:pup == ... = uy

e The means of the knowledge processes in the act of
learning u1, uy, ..., 4e under the 6 levels of the factor
B are equal, i.e.:

Hy:pp=p>=... = s

e The means of the instructional methods with respect
to the knowledge processes pixq, Lix2, ---» Maoxe Under
the 20%6 levels of the factor combinations 4 x B are
equal, i.e.:

Hy: pyxs = fixo = ... = Hopxs

Testing the Statistical Assumptions

For an analysis of variance of an RBF-20%6
experimental design, the data must satisfy the condition
of sphericity. This assumption was tested using
Mauchly’s W test for sphericity, with the test statistic W
being compared to a chi-square distribution to assess
the adequacy of the sphericity assumption. The
assumption of sphericity must be discarded both for the
instructional methods (W <0.001, legg = 268.86,
p<0.001) and also for the processes of the acquisition
of knowledge (W = 0.116, »*14 = 45.53, p<0.001) at the
a-level of 0.05. In the further analysis, we therefore
applied the e-correction of degrees of freedom proposed
by Huynh and Feldt (1976).

Findings

Table 1 contains the results of the ANOVA with the
g-correction of the degrees of freedom.

The main effect A4 (instructional methods) is
significant (F¢ 36= 8.33, p<0.001) at the a-level of 0.05,
i.e., the corresponding H, is rejected: The instructional
methods differ from one another.

The main effect B (knowledge processes) is
significant (F3 ;3= 14.11, p<0.001) at the a-level of 0.05,
i.e., the corresponding H, is rejected: The knowledge
processes differ from one another.

The interaction effect 4 x B (instructional methods x
knowledge processes) is significant (F549;=5.00,
p<0.005) at the a-level of 0.05, i.e., the corresponding H,
is rejected: The instructional methods differ from one
another with respect to knowledge processes.



Andreas Zendler and Dieter Klaudt / Journal of Computer Science 2015, 11 (8): 915.927
DOI: 10.3844/jcssp.2015.915.927

Knowledge processes

Instructional methods

a5 = Problem-based learning
a1 = Learning tasks

a; = Discovery learning

a; = Computer simulation
a7 = Project work

ay = Direct Instruction

a;; = Models method

015 = Programmed instruction
ayp = Learning by teaching

a; = Case study

0y = Learning at stations

a4 = Presentation

ag = Experiment

019 = Role-play

ag =Jigsaw method

g3 = Concept mapping

a; = Guidelines text method
059 = Web quest

a1z = Reciprocal teaching

a3 = Portfolio method

transfer
Integrate
grand mean

385
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Fig. 2. Means of the instructional methods visualized for the knowledge processes
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Fig. 3. Dendrogam and clusters of instructional methods (N = 24)

Table 1. ANOVA with Huynh-Feldt e-correction of the degrees of freedom

cluster 1

cluster 2

cluster 3

cluster 4

cluster 5

cluster 6

Source of variation (within

) SS df

MS F

n2

A (instructional methods)
Error (4)

B (knowledge processes)
Error (B)

AxB

Error (AxB)

742.22 16
2048.98 363
143.22 3
233.40 73
450.94 21
2075.56 491

47.02
5.64
44.86
3.18
21.11
4.23

8.33

14.11

5.00

<0.001

<0.001

<0.005

0.266

0.380

0.178
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Cluster Analysis

The alphabetically sorted 20x6 data matrix (see
Appendix D. Data) with the means of the instructional
methods in regard to the knowledge processes is taken as
the data basis for the cluster analysis. The cluster
analysis has been done using the method of Ward (1963)
with squared Euclidean distance as distance measure
(Everitt et al., 2001). For the termination of the
algorithm, the C-Index (Hubert and Levin, 1976) has
been taken into consideration (this is visualized as “cut”
in the figures).

Figure 3 shows the results of the cluster analysis for
the instructional methods. The dendrogram reveals that
six clusters with instructional methods emerged. Cluster
1 is particularly notable in the dendrogram because it
only contains one instructional method, namely problem-
based learning.

Cluster 1

This cluster contains only problem-based learning as
its sole instructional method. It is characterized by high
values for the knowledge processes build, process apply,
transfer, assess and integrate. The dendrogram shows
that this instructional method cannot be merged with
other instructional methods due to the value for the C-
index (see “Cut” in Fig. 3).

Cluster 2

This cluster contains the two instructional methods of
discovery learning and computer simulation. These
methods are characterized by values that are still high in
regard to the knowledge processes build, process, apply,
transfer and assess, whereby discovery learning is
distinguished by high values in the acquisition of
knowledge process build.

Cluster 3
This cluster contains the most instructional
methods. It is comprised of the following five

instructional methods: Project work, models method,
learning by teaching, case study and role-play. Some
of these are distinguished by the fact that they still
have high values in the knowledge process of apply.
The project work method is interesting, demonstrating
still high values in the knowledge processes of apply,
transfer and assess.

Cluster 4

This cluster consists of four instructional methods:
Programmed instruction, learning at stations, direct
instruction and learning tasks. The cluster is notable for
its relatively high values in the knowledge processes
build, process and apply. Special note must be given to
direct instruction which demonstrates very high values
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in the knowledge process of build and to learning tasks
which demonstrates high values in the knowledge
processes build, process, apply and transfer.

Cluster 5

This cluster comprises four instructional methods:
Presentation, jigsaw method, experiment method and
the guidelines text method. The instructional methods
in this cluster are characterized by low values in
regard to the knowledge processes apply, transfer,
assess and integrate.

Cluster 6

This cluster is the most homogenous cluster in the
cluster solution for the instructional methods and
consists of four instructional methods: Concept mapping,
web quest, reciprocal teaching and the portfolio method.
The instructional methods in this cluster are
characterized by low values in regard to all of the
knowledge processes.

Discussion

It must first be noted that the findings support the
research hypothesis formulated in this paper’s
introduction that instructional methods for the subject of
computer science differ in supporting the act of learning
with respect to computer science teachers” opinions.

In the opinions of the computer science teachers,
problem-based learning seems to perform best in relation
to almost all of the knowledge processes, learning tasks
are well suited for the a-level of 0.05, ie., the
corresponding H, is rejected: The useful for three
knowledge processes (apply, transfer, assess). Direct
instruction is the instructional method most suitable for
the knowledge process build; it is also suitable for the
knowledge processes process and apply. The models
method and programmed instruction can be used for the
knowledge process apply; programmed instruction is
additionally well suited for the knowledge process
process. Presentation and the experiment method are
well suited for the knowledge process build, while
learning at stations is appropriate for process. The role-
play instructional method is interesting as it better
supports the final three knowledge processes transfer,
assess and integrate than the first three knowledge
processes build, process and apply. The instructional
methods that are unsuitable for computer science
education are web quest, reciprocal teaching and the
portfolio method.

Conversely, these findings also answer the question
regarding what knowledge processes are adequately
supported by which instructional method. It must first be
noted that the knowledge processes in the act of learning
are supported by the instructional methods in wholly
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different ways. The knowledge process build is
supported by the instructional methods problem-based
learning, discovery learning, computer simulation,
programmed instruction, direct instruction, learning
tasks, presentation and the experiment method. The
situation is similar for the knowledge process process
which is positively influenced by the instructional
methods problem-based learning, computer
simulation, programmed instruction, learning at
stations, direct instruction and learning tasks. The
knowledge processes apply and transfer are supported
in particular when the instructional methods problem-
based learning, computer simulation, project work
method, the models method and learning tasks are
applied. The knowledge processes assess and
integrate are supported by fewer instructional
methods: They are appropriate for the knowledge
process assess and at least two more instructional
methods, namely problem-based learning and the
project work method. Only problem-based learning
remains for the knowledge process integrate.

The first three knowledge processes (build, process,
apply) receive significantly greater support from the
instructional methods than the last three knowledge
processes (fransfer, assess, integrate). The knowledge
process assess is only relatively well supported by
two instructional methods (problem-based learning,
project work), while the knowledge process integrate
is only supported by one instructional method
(problem-based learning).

Conclusion

Based on the opinions of the computer science
teachers, the following recommendations can be
expressed for the application of instructional methods in
computer science education: (1) For the knowledge
process of build direct instruction should be used in
combination  with  problem-based learning and
augmented by learning tasks in order to initiate the
knowledge process of process. (2) For the knowledge
process of apply, problem-based learning should be
used in combination with learning tasks. (3) To support
the knowledge processes of transfer, assess and
integrate, problem-based learning should be used and
supported by the project work method (transfer, assess)
and the role-play (transfer, assess, integrate). (4) To
introduce diversity into computer science education and
to increase the motivation of the learners it is
recommended to wuse instructional methods in a
substituting role to the extent that they support similar
knowledge processes. It can for instance be derived
from the cluster analysis and the heat map that the
project work method and the models method are similar
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in their relation to the knowledge processes, as are
programmed instruction, learning at stations, discovery
learning and computer simulation.

The findings determined in this study on the
application of instructional methods in computer science
education confirm the recommendations made in
standard works on the subject of computer science
education. This applies for the instructional methods
problem-based learning, learning tasks, discovery
learning, computer simulation, the project work method
and the models method favored in the standard works
(Koffmann and Brinda, 2003; Iron et al, 2004;
Hartmann et al., 2006; Hubwieser, 2013; Hazzan et al.,
2011). Some of the findings on what are generally
referred to as instructional methods in the literature can
be applied to computer science education, e.g. the
positive effect sizes of direct instruction and case study
(Hattie, 2009). In contrast, the positive findings cited by
the literature on the instructional method of reciprocal
teaching are not applicable. This method is unsuitable
for computer science education.

The data from computer science teachers who teach
at secondary schools was able to be included in the study. In
order to verify and validate the results of these findings an
examination should take place in authentic teaching and
learning settings and should not be based on subjective
opinions. Instructional methods assessed in this study as
being very unfavorable for computer science education
such as web quest, reciprocal teaching and the portfolio
method do not need to be observed further.

Moreover, the findings in this study showed that the
knowledge processes assess and integrate are only
adequately supported by one instructional method,
namely problem-based learning. As such, the field of
developing methods for computer science education is
faced with the task of developing instructional methods
which support these knowledge processes in the act of
learning. In the authors’ opinion, the starting point for
the development of such instructional methods can be
found within the context of competence-based learning
tasks and in cross-curricular instruction.
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Appendix
Instructional methods

Case Study

Case study (Davis, 2009) is an instructional method
aimed at the development of independent problem-
solving skills by including realistic cases and tasks in the
instruction.

Computer Simulation

Computer simulation (Aldrich, 2009) comprises the
application of simulation software for the virtual solution
of (time-related) problems.

Concept Mapping

Concept mapping (Novak, 1990) is an instructional
method for the structuring and depiction of concepts and
their relationships.

Direct Instruction

Direct instruction (Petty, 2009) is an instructional
method with a central focus on the teacher. The teacher
assumes the central role in directing the activities
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associated with the instruction and does not relinquish
this role until the end of the learning process.

Discovery Learning

Discovery learning (Petty, 2009) is an instructional
method with a central focus on the pupils in which
learning recommendations are the focal point in order to
motivate self-learning.

Experiment

The experiment (Abell and Lederman, 2007) as an
instructional method serves in the conveyance of
knowledge by making the effects of dependent
variables observable through the planned variation of
independent variables.

Guidelines Text Method

The guidelines text method (Rottluff, 1989) is an
instructional method with which learners are guided in
regard to content and methodology in such a manner that
they can acquire knowledge with prepared materials.

Jigsaw Method

The jigsaw method (Aronson, 1978) is a cooperative
learning instructional method in which pupils instruct
their co-pupils by becoming experts on a particular topic
and taking on instructional activities.

Learning at Stations

Learning at stations (Tomlinson, 1999) is a student-
oriented instructional method in which pupils learn
independently on the basis of prepared materials
provided at workstations.

Learning by Teaching

Learning by teaching (Gartner et al., 1971;
Biswas et al., 2005) is an activity-oriented instructional
method in which pupils learn by teaching one another.

Learning Tasks

Learning tasks (Flewelling and Higginson, 2003) as
an instructional method serve in initiating and guiding
learning and thinking processes.

Models Method

The models method (Abell and Lederman, 2007) is
an instructional method comprised of forming models
and applying models in a particular field.

Portfolio Method

The portfolio method (Davis, 2009) is an
instructional method which allows the persons learning
to be aware of their own learning progress (with the help
of a folder) in which they individually develop a
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conscientious approach to the quality and to their
responsibility for their own learning process.

Presentation

Presentation (Petty, 2009) as an instructional method
serves as verification that learners can gather, process
and present information in an organized manner.

Problem-Based Learning

Problem-based learning (Abell and Lederman,
2007) is an instructional method enabling learners to
acquire skills in the resolution of an exemplary
problem which can then be transferred to other
applicable problem areas.

Programmed Instruction

Programmed instruction is an instructional method
(Canton, 2007) focusing on individualized material for
the person learning to study on their own.

Project Work

The project work method (Branom, 1918) is an
activities-oriented instructional method allowing learners
to work on a defined objective in an organized,
independent manner.

Reciprocal Teaching

Reciprocal teaching (Palincsar and Brown, 1984)
is a dialogical instructional method between teachers
and learners which serves as a tool in grasping the
meaning of texts. There are few teaching examples
cited in the relevant literature applying reciprocal
teaching as an instructional method. Sims-Knight and
Upchurch (1993) documented a teaching unit on
object-oriented design.

Role-Play

The role-play method (Petty, 2009) is an activities-
oriented instructional method designed to promote the
understanding of simple and complex activity sequences
related to technology.

Web quest

Web quest (Wankel and Blessinger, 2012) is a
research-oriented instructional method which includes
Internet-based services (e.g., Wikipedia, portals,
literature databases) and Internet technologies (e.g.,
E-Learning platforms, Cloud computing, E-
communication) in the learning process.

Knowledge Processes
Build

Acquiring knowledge, new practical and cognitive
abilities as well as attitudes.
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Process

Establishing, deepening, structuring and connecting
what has been learned.

Apply

Using what has been learned in new tasks
corresponding with the framework conditions of the
learning situation.

Transfer

Using what has been learned in new situations in
which the framework conditions differ from those of the
learning situation.

Assess

Classifying what has been learned in regard to its
usefulness, scope, benefits and limits.

Integrate

Integrating what has been learned outside of the
actual learning situation in connection with one’s own
knowledge.

Questionnaire
Please evaluate:

e The act of learning through instructional methods in
computer science education

e  Please rate each cell on a scale of 0 to 5 (only whole
numbers)

e [t is important that you provide 6 ratings per row

‘ not significantd 1 2 3 4 5 very significant ‘

Knowledge processes
(Explanations, ez Booklet)

Instructional methods
(Explanations, see Booklet)

Casestudy

6. Infegrate

1. build
2. process
5. assess

Computer simulation
Concept mapping
Direct Instruction
Discoverylezming
Experment

Guidelmes text method

o w1 o L] g Ua bD e

Jigsaw method

9 | Leaming at stations

10 Leammg by teachmng

11 Leaming tasks

12 Models method

13 | Portfolio method

14 | Presentation

13 Problem-based leammg
16 Programmed mstruction
17 | Project work

18 | Reciprocal teachmg

19 Role-play

Web quest

Fig. A 1. Instructional methods and knowledge processes in the
act of learning
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Data

Table Al. Means of instructional methods with respect to knowledge processes (N = 24)

Knowledge processes

2 5 £
= § 2zt § ¥
2 5 8 £ § &
Instructional methods
a; = Case study 229 | 224 | 282 | 281 | 2.86 | 243
a; = Computer simulation 3231 | 300 | 314 313|273 |11
@s = Concept mapping 180 | 2.38 | 164 | 208 | 233 | 223
as = Direct instruction 4.32 | 355 | 3.05 | 255 | 2.00 | 2.08
g = Discovery learning 366 | 262 | 282 | 290 | 290 | 290
ds = Experiment 3.35 | 215 | 242 | 205 | 210 | 190
a; = Guidelines text method 281 | 257 | 190 | 1.91 |1.39 | 1.29
gz = ligsaw method 256 281 | 226 | 170 | 178 | 1.57
a5 = Learning at stations 285 | 318 | 295 | 245 | 182 | 1.82
ayg = Learning by teaching 273 | 282 | 286 | 264 | 241 | 218
@y = Learning tasks [ 3.00 | 391 | 3564 | 341 |2.18 | 195
a4; = Models method 214 | 264 | 300 | 295 | 291 | 2.E6
@13 = Portfolio method 167 | 190 | 148 | 143 190 | 162
oy = Presentation 310 | 2.82 | 2.36 | 1.92 | 200 | 1.94
a15 = Problem-based learning 364 | 3.73 | 423 | 400 [ 4.00 | 350
a5 = Programmed instruction 343 (361 | 313 | 243 |2.04 | 1.70
a1 = Project work 226 | 201 | 335 [ 330|313 | 290
045 = Reciprocal teachi ng 210 (183 | 174 | 173 [1.74 | 169
039 = Role-play 164 | 197 | 232 | 277 | 2797 | 2.55
fan = Web quest 238 | 218 | 161 | 1.75 | 139 | 1.66
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