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ABSTRACT

This study contributes to an integrative view on STEM subjects from an educational
point of view. The focus is on the assessment of instructional methods in relation to
knowledge processes. By a questionnaire, computer science teachers and mathematics
teachers assessed 20 instructional methods in terms of knowledge processes (build,
process, apply, transfer, evaluate, and integrate). The findings show that computer
science teachers and mathematics teachers differ on the rating of instructional
methods. However, the findings also allow a common way of looking at instructional
methods by computer science teachers and mathematics teachers. This is an important
result for pre- and in-service training programs and for the introduction of computer
science as a new school subject.

Keywords: STEM, computer science education, mathematics education, instructional
methods, knowledge processes, cross-contextual research

INTRODUCTION

In recent years, national and international initiatives have emerged (Committee on Integrated STEM Education,
2014; Federal Ministry of Education and Research, 2013) to strengthen STEM (Science, Technology, Engineering,
Mathematics) subjects and to improve education in STEM sub-jects. MINT is more than a list of individual subjects.
In particular, MINT means interdisciplinary lessons, where the lessons are handled in its multi-perspectivity by
several subjects. An essential aspect of the MINT initiatives is to build an integrative view at the participating
subjects, both from a perspective of learners as well as from a perspective of teachers.

Perspective of learners. From the perspective of learners, an integrative view means that learners have
understood related concepts in individual STEM subjects for solving problems (cf. Breiner, Harkness, Johnson, &
Koehler, 2012; Johnson, 2013). For example, when building a wind turbine, concepts of various STEM subjects must
be combined: from science concepts to capture relationships over real world facts (e.g. wind), from technology
concepts to simulate a wind turbine, from engineering concepts to realize artifacts, from mathematics concepts to
model real world things (e.g. wind energy) (see Figure 1; US Department of Energy, 2007, Windwise Education,
2018; the video of The National Academies of Science Engineering, 2018).

Perspective of teachers. From the perspective of teachers, an integrative view means that teachers offer
instructional support, so learners can recognize related concepts in different STEM subjects. In this respect, one of
the key questions for an integrative view of STEM subjects is: Which instructional methods most effectively support
the act of learning in STEM subjects so that learners can understand the interdisciplinary concepts in STEM
subjects?

For science subjects, Treagust (2007) as well as Treagust and Tsui (2014) have drawn up a rough classification

of instructional methods. The classification includes seven instructional approaches: demonstration, explanation,
questions, representation, analogy and metaphor, cooperative teaching, inductive / deductive approach.

For STEM subjects, STEM programs (see Committee on Integrated STEM Education, 2014, p. 145) propose to
favor the instructional methods of problem-based learning and project work: “One implication of this finding is
that practices such as engineering design and science inquiry, and instructional approaches like problem- and
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Contribution of this paper to the literature

e  The results of the study contribute to an integrative view on STEM subjects from an educational point of
view.

e  The study shows that top rated instructional methods for mathematics and computer science education are
problem-oriented learning, and with a lesser degree direct instruction, and project work.

e  Theresults obtained are important for pre- and in-service training programs, especially for countries not yet
having a complete teacher training course at university for computer science.
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Figure 1. Integrative view at a wind turbine by STEM subjects

project-based learning, may offer special opportunities to support STEM integration when sufficient and intentional
instructional support is provided.”

Two STEM Subjects: Computer Science and Mathematics

The subject of mathematics was chosen because as a STEM subject it is the subject that is essential in all other
STEM subjects: (1) in sciences, mathematics is fundamental for many formulas in physics, chemistry and biology,
(2) in technology, mathematics assures processes to optimize artifacts, (3) in engineering, mathematics is the basis
for many concepts (e.g. grammar, automata in theoretical computer science).

The subject of computer science was chosen because it is becoming increasingly important as a new subject as
curricula show in different countries (European Schoolnet, 2015; Informatics Europe & ACM Europe Working
Group, 2013; Ladner & Israel, 2016; The White House, 2016). Ericson (2008) cites the following reasons: (1) the
assignment of the subject computer science leads to different career paths, (2) ways of thinking of computer science
are important in other disciplines, (3) computer science is important for economy, (4) computer science supports
other sciences and establishes connections to those, (5) computer sciences teaches problem solving both in a social
and in a scientific way.

The introduction of computer science as a new school subject is a particular challenge: many more computer
science teachers are needed than are currently available. One way to solve this problem is to provide specific in-
service training programs for teachers that are qualified to teach computer science as a supplementary subject.
Teachers who may be eligible for this may be mathematics teachers, because mathematics in part forms the roots
of computer science (Becher, 1989). A necessary prerequisite for this is that mathematics and computer science
teachers have a similar understanding of instructional methods, which is very important and has to be verified
empirically.
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Instructional Methods

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. The Center for Teaching and
Learning (2018) 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. Cruickshank et al., 2011; Petrina,
2006; Petty, 2009). The monograph from Joyce and Weil (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).

Definitions. Meyer (2002) is a source of a very general definition stating that instructional methods are the
forms and procedures by which teachers and students acquire the natural and social reality that surrounds them,
taking into account the institutional framework of the school. According to this general definition of instructional
method, the idea of what instructional methods mean is very uneven. In addition, a variety of synonyms exist,
depending on whether instructional methods are addressed in the context of learning forms, teaching forms or
teaching approaches. A narrower definition of method comes from Huber and Hader-Popp (2007, p. 3), which also
provides the conceptual starting point for this article: “The word method is understood to mean a clearly defined,
conceptually perceivable and independent, if also integrated, component of teaching.”

Empirical findings. Numerous empirical findings on the effectiveness of learning are available. In his 800 meta-
analyses into which more than 50,000 studies were included Hattie (2009) provides information on the effectiveness
of 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, Chapters 9 and 10)
provides information on the effectiveness of instructional methods/approaches. High effect sizes (d > .50) were
demonstrated for microteaching (d = .88), reciprocal teaching (d = .74), feedback (d = .73), problem solving (d = .61),
direct instruction (d = .59), mastery learning (d = .58), case study (d = .57), concept mapping (d = .57), peer tutoring
(d = .55), cooperative (vs. competitive) learning (d = .54), and interactive instructional videos (d = .52).

Instructional methods for computer science education. As yet no standard reference for computer science
education is available which extensively addresses the application of instructional methods for school. The
literature contains descriptions on the application of solving problems (Koffmann & Brinda, 2003), group work (Iron,
Alexander, & Alexander, 2004), rich tasks, concept-mapping (Hazzan, Lapidot, & Ragonis, 2011), pattern-oriented
instruction (Muller & Haberman, 2008), lab-centered instruction (Titterton, Lewis, & Clancy, 2010), discovery learning
and project teaching (Hartmann, Néf, & Reichert, 2006), and visualizations (Fincher & Petre, 2004).

Instructional methods for mathematics education. For mathematics education a number of good standard
references is available which addresses the application of instructional methods: Heddens, Speer, and Brahier
(2008), Kidwell and Ackerberg-Hastings (2008), Li, Silver, and Li (2014). A variety of teaching examples with
methodical focus are included in practice-oriented journals on mathematics education: e.g. The Mathematics
Educator, The Mathematics Enthusiast, Mathematics Teaching.

Knowledge Processes Involved in the Act of Learning

The theory from Collins, Brown, and Newman (1989), which has situated learning at its core, reveals four main
phases: modeling, scaffolding, fading, and coaching. Cognitive oriented approaches (Bruner, 1966; Gagné, Wagner,
Golas, & Keller, 2004) link instruction to the acquisition and processing of knowledge. They emphasize three
knowledge processes in the act of learning: acquisition of new information, transformation (manipulating knowledge to
make it fit to new tasks), evaluation (checking whether the way we have manipulated information is adequate to the task) (see
Bruner, 1966, p. 48; Gowda, 2010; Merriam & Caffarella, 2006, p. 46).

The educational literature knows numerous variations relating teaching to learning as an act spread over time
and to phases, which can be distinguished during the course of learning (Bruner, 1966; Davis, 2009; Olson, 2007;
Petrina, 2006). What all of the variations have in common is that learning (1) has a starting point, (2) a sequential
form and (3) a (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; Gowda, 2010; Merriam &
Caffarella, 2006) 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). The exact definitions of the knowledge processes are as follows:

e build: Acquiring knowledge, new practical and cognitive abilities as well as attitudes;

e process: Establishing, deepening, structuring and connecting what has been learned;
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e apply: Using what has been learned in new tasks corresponding with the framework conditions of the
learning situation;

o transfer: Using what has been learned in new situations in which the framework conditions differ from those
of the learning situation;

e assess: Classifying what has been learned in regard to its usefulness, scope, benefits and limits;

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

RESEARCH QUESTION

For computer science and mathematics education standard references on instructional methods exist (see
above). However, it is insufficiently clarified which instructional methods are effective in the act of learning,
especially with respect to different knowledge processes. In addition, it is unclear, which instructional methods
allow an integrative view on STEM subjects from the perspective of teachers, not even in the context of only two
STEM subjects. In this regard, the following research hypothesis will be investigated:

“Computer science teachers differ from mathematics teachers in their ratings of instructional methods with
respect to knowledge processes in supporting the act of learning. “

In order to answer the research hypothesis, a procedure is used that is of primary interest in the context of the
cross-contextual research paradigm (Berry, Poortinga, Segal, & Dasen; Lerner, Easter Brooks, Mistry, & Weiner,
2003; Saraswathi, 2003). The procedure includes answering three so-called research goals.

(1) Transport and test goal: Can the combinations of instructional methods and knowledge processes found in
the computer science education context be generalized to the mathematics education context?

(2) Discover variations goal: Can other combinations of instructional methods and knowledge processes be
found in the mathematics education context that are also important in the computer science education
context?

(3) Assemble and integrate goal: Can the combinations of instructional methods and knowledge processes
identified in the two contexts be integrated to generate a broader perspective that is valid for both contexts?

In the next section, we present the research methods applied, describing the study design and procedures and
the data analysis strategy. Then, we give a detailed account of our findings. In the last two sections, we discuss
those findings and, finally, draw implications for pre- and in-service training programs.

METHOD

Selection of Instructional Methods

The review of a series of instructional methods manuals (Cruickshank et al., 2011; Davis, 2009; Ginnis, 2001;
Joyce & Weil, 2008; Petrina, 2006; Petty, 2009) 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 and mathematics education, (2) the application of the instructional
methods in STEM subjects (sciences, technology, engineering, mathematics) and (3) empirically examined
instructional methods. The following 20 instructional methods (in alphabetical order) were selected on the basis of
these criteria:

Case study, computer simulation, concept mapping, direct instruction, discovery learning, experiment, jigsaw
method, learning at stations, learning by teaching, learning tasks, Leittext method, models method, portfolio
method, presentation, problem-based learning, programmed instruction, project work, reciprocal teaching, role-
play, and web quest.

Process models for all 20 instructional methods have recently been developed and visualized according to a
uniform schema in IDEFO (Integrated Definition for Function Modeling) (Menzel & Mayer, 2005), which make
explicit the individual steps in the implementation of the instructional methods in the classroom (Zendler, 2018).
Appendix A-1 contains examples of the process models of case study, computer simulation, and concept mapping.

The hypotheses were tested in a SPF-2e20x%6 split-plot design (3-factor design with repeated measures of factors
B and C, see Figure 2; Kirk, 1994; Winer, Brown, & Michels, 1991).
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Figure 2. Experimental design

Independent variables. Factor A comprised the p = 2 groups surveyed, with factor level a; representing group
G1 of n; computer science teachers and factor level a; representing group G; of n; mathematics teachers. Factor B
represented the g = 20 instructional methods by, ..., ba: case study, computer simulation, concept mapping, direct
instruction, discovery learning, experiment, jigsaw method, learning at stations, learning by teaching, learning
tasks, Leittext method, portfolio method, presentation, problem-based learning, programmed instruction, project
work, reciprocal teaching, role-play, and web quest. Factor C represents the g = 6 knowledge processes with factor
levels ¢y, ..., ce: build, process, apply, transfer, assess, and integrate.

Dependent variable. The dependent variable was the respondents’ rating 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”).

A power calculation of type I — N as a function of power (1-/), 4, and a—was used to determine the necessary
sample size for the 2020x6 split-plot design (Mueller & Barton, 1989; Mueller, LaVange, Ramey, & Ramey, 1992):
With a power (1-5) of 0.80, only large effects (4 = 0.80) on the dependent variable being considered significant, and
a significance level of a = 0.05, a total sample of approximately N* = 30 (n] = 15 computer science teachers, nj = 15
mathematics teachers) would be required, based on the power computations of Mueller and Barton (1989) or
Mueller, LaVange, Ramey, and Ramey (1992) for e-corrected F tests.

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:

“Computer science teachers differ from mathematics teachers in their ratings of instructional methods (case
study, computer simulation, concept mapping, direct instruction, discovery learning, experiment, jigsaw method,
learning at stations, learning by teaching, learning tasks, Leittext method, models method, portfolio method,
presentation, problem-based learning, programmed instruction, project work, reciprocal teaching, role-play, web
quest) in supporting the act of learning, operationalized by computer science teachers” and mathematics teachers’
ratings on a six-point scale of the knowledge processes build, process, apply, transfer, assess and integrate.”

Sample

For the empirical study, 120 computer science teachers in 2014, and 120 mathematics teachers in 2015 at German
high schools in the Federal state of Baden-Wiirttemberg were contacted and invited to complete a questionnaire on
the usage of instructional methods in computer science and mathematics education. The computer science teachers
who sent back the questionnaire, taught computer science in grades 11 and 12/13. On average, they taught about
7.5 years computer science; in addition to the lessons in computer science all computer science teachers taught
mathematics. Almost all mathematics teachers who sent back the questionnaire, taught mathematics grades 5 to
12/13. 20 mathematics teachers taught mathematics more than 10 years; in addition to the lessons in mathematics
almost all mathematics teachers taught another STEM subject.

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 for the computers science teachers (Zendler & Klaudt,
2014) and the mathematics teachers (Zendler, Seitz, & Klaudt, 2015). It describes the 20 instructional methods in
accordance with a uniform scheme containing (1) a brief description and explanation, (2) concrete execution steps,
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(3) and examples from the relevant literature verifying the application of the instructional method in computer
science education and mathematics education, respectively. The questionnaire has been used successfully in several
pro-jects and has been validated using the so-called comparative method (Zendler, Klaudt, & Seitz, 2018).

Tasks

The p = 20 instructional methods and the g = 6 knowledge processes were 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 20 x 6 = 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 A-2 Questionnaire).

Return Rate

To maximize the return rate, we mailed both samples the questionnaires 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 for the computer science teachers was 20.0% (11 = 24
valid questionnaires of 32 returned questionnaires), which can be considered reasonable for a postal survey (see
Vaux & Briggs, 2005). The return rate for the mathematics teachers was 24.25% (n2 = 29 valid questionnaires of 40
returned questionnaires).

Data Analysis

In analyzing our empirical data, we followed recommended procedures for cross-contextual research
(Harkness, van de Vijver, & Mohler, 2003; van de Vijver & Leung, 1997). First, we conducted a three-factor analysis
of variance with repeated measures in accordance with the 2¢20x6 split-plot design (see Winer, Brown, & Michels,
1991, chapter 7). We conducted a posteriori comparisons of means to test for effects of the A e B interaction and the
A o B x Cinteraction.

Data analyses were conducted using SPSS 22.0; the power analysis was computed with PASS 13.

RESULTS

Figure 3 visualizes the mean ratings (see Appendix A-3 Data) obtained from the computer science teachers (a1)
and the mathematics teachers (a2) for each of the 20 x 6 combinations of instructional methods x knowledge
processes the (repeated measures factors B x C). Figure 3 illustrates that instructional methods in relation to
knowledge processes have been rated differently by computer science and mathematics teachers. However,
concrete effects are difficult to be identified. Thus, more detailed analyses are necessary in relation to the three
cross-contextual research goals (transport and test goal, discover variations goal, assemble and integrate goal).
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Figure 3. Mean ratings (alphabetically sorted)

Findings for the Transport and Test Goal

To examine whether the combinations of instructional methods and knowledge processes identified in the
computer science education context can be generalized to the mathematics education context, we formulated three
statistical hypotheses, which were tested at the significance level of a = 0.05.

Statistical hypotheses. The three null hypotheses were as follows:

i) the means of the instructional methods x1 under a; (computer science teachers) and x> under a; (mathematics
teachers) are equal, such that:

Ho: g =
ii) the means of the instructional methods uie1, f1e2, ..., #2020 under the 2 o 20 levels of the factor combinations
A o B are equal, such that:

Hop: oy = Mz = -0 = Haupo
iii) the means of the instructional methods u1e1x1, f1e1x2, ..., U2e20x6 Under the 2 e 20x6 levels of the factor
combinations A e B x C are equal, such that:

Ho: Waax1 = Maxz = = H2e20x6

Testing the statistical assumptions. For an analysis of variance of a split-plot design, the data must satisfy the
condition of sphericity. This assumption was tested using Mauchly’s WV 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 was not met for either the instructional methods (IW=0.001, x289 = 369.27, p < 0.001) or the knowledge
processes (W=0.372, x214 = 48.61, p < 0.001) at the a level of 0.05. In the further analyses, we therefore applied the &
correction of degrees of freedom proposed by Huynh and Feldt (1976).

The main effect A (computer science teachers vs. mathematics teachers) was not significant at the a level of 0.05

(F1,51= 0.54, p < 0.47). The corresponding Hp was therefore not rejected: computer science teachers and mathematics
teachers did not differ in their global ratings of the instructional methods.
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Table 1. Analysis of variance

Source of variation SS Df MS F p n2
between subjects
A 23.61 1 23.61 0.54 <047 < 0.011
error (A) 2233.49 51 43.97
within subjects
AeB 200.47 13 15.47 2.12 < 0.02 < 0.040
error (B) 4831.66 661 7.31
AeBxC 84.40 34 2.38 0.90 < 0.65 < 0.017
error (B x C) 4800.16 1734 2.76

The interaction effect A ¢ B (group e instructional methods) was significant at the a level of 0.05 (Fi3, 661 = 2.12,
p <0.02). The corresponding Ho was therefore rejected: computer science teachers and mathematics teachers differ
in their ratings of individual instructional methods.

The interaction effect A # B x C (group e instructional methods x knowledge processes) was not significant at
the a level of 0.05 (Fa4, 1734 =0.90, p < 0.65). The corresponding Hy was therefore not rejected: computer science
teachers and mathematics teachers did not differ in their ratings of individual instructional methods with respect to
individual knowledge processes.

In summary, our findings for the transport and test goal indicate that the combinations of content and process
concepts identified by the computer science teachers can not totally be generalized to the mathematics education
context.

Findings for the Discover Variations Goal

To examine the discover variations goal, two examinations have to be conducted. (1) On the one hand, it must
be tested whether computer science and mathematics teachers differ in their ratings of individual instructional
methods. (2) On the other hand, it must be tested in more detail whether computer science and mathematics
teachers differ in their ratings of individual instructional methods in relation to knowledge processes.

1. Individual comparisons for the A e B interactions. To examine whether it was possible to identify
combinations of instructional methods in the mathematics education context that are also relevant in the computer
science education context, we conducted mean comparisons of the group e instructional methods combinations.
These comparisons were conducted using f tests to evaluate simple AB effects for pegxr split-plot designs (Winer,
Brown, & Michels, 1991, pp. 535-536), account taken of the & correction of degrees of freedom (df=dferror (a)*Aferror B)=
51+661=712; see Table 1) for the ¢ tests.

Figure 4 visualizes the means and standard errors of the A ¢ B interactions for the computer science teachers
and the mathematics teachers for each instructional method. The strength of the simple AB effects are visualized and
the corresponding p-values can be identified by using the scale of simple AB effects. The results of the individual
comparisons show that the computer science teachers (1) and the mathematics teachers (a2) differ significantly in
their ratings of instructional methods at the a level of 0.05. They differ in the ratings of the following instructional
methods:
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Figure 4. Individual comparisons (A « B interactions)

e case study (is rated higher by computer science teachers);

e computer simulation (is rated higher by computer science teachers);

e learning at stations (is rated higher by mathematics teachers);

e programmed instruction (is rated higher by computer science teachers);
e role-play (is rated higher by computer science teachers).

2. Individual comparisons for the A @ B x C interactions. We next conducted a posteriori pairwise mean
comparisons to test which group e Instructional method x knowledge process combinations differed significantly,
using 20 x 6 = 120 t tests to evaluate simple ABC effects for pegxr split-plot designs (Winer, Brown, & Michels, 1991,
pp. 535-536), account taken of the € correction of degrees of freedom (df=dferror (A)FAferror B)* Aferror (/¥ Aferror Bx0)=
51+661+202+1734=2648 - see Table 1) for the t tests. Given the number of t tests that had to be conducted, an
adjusted a level was used to determine statistical significance.

Figure 5 shows that computer science teachers and mathematics teachers differ significantly in their ratings of
individual instructional methods with respect to individual knowledge processes. The figure illustrates simple ABC
effects for each instructional method with respect to individual knowledge processes. The strength of the simple ABC
effects are visualized and the corresponding p-values can be identified by using the scale of simple ABC effects.
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In sum, our results for the discover variations goal show that it is indeed possible to identify combinations of
instructional methods and knowledge processes in computer science education context that are also important for
the mathematics science education context, as reflected by individual comparisons of the A e B x C interaction. In
particular, significant differences were detected in the two groups’ ratings of the relationships of the following
instructional methods with respect to individual knowledge processes:

o case study with respect to build, assess (rated higher by computer science teachers),

e computer simulation with respect to build, process, apply, transfer, assess, integrate (rated higher by
computer science teachers);

e concept mapping with respect to integrate (rated higher by mathematics teachers);

e jigsaw with respect to apply (rated higher by mathematics teachers);

¢ learning at stations with respect to apply, transfer, integrate (rated higher by mathematics teachers);

e learning tasks with respect to transfer (rated higher by computer science teachers);

e models method with respect to process, assess (rated higher by computer science teachers);

e portfolio method with respect to apply (rated higher by mathematics teachers);

e problem-based learning with respect to process, assess (rated higher by computer science teachers);

e programmed instruction with respect to build, process (rated higher by computer science teachers);

e reciprocal teaching with respect to build (rated higher by computer science teachers);

e role-play with respect to apply (rated higher by computer science teachers).

Findings for the Assemble and Integrate Goal

In order to find answers for the assemble and integrate goal, the instructional methods are sorted in descending
order with respect to the grand means, independently for the computer science teachers and the mathematics
teachers (see Figure 6). Then instructional methods are highlighted with an asterisk that support at least one
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Figure 6. Instructional methods rated by computer science and mathematics teachers (sorted by grand means)

knowledge process very well. The criteria for this is that a knowledge process was rated by the teachers with a
value > 3.00.

From the perspective of the computer science teachers, the following eleven methods fulfilled this criterion:
problem-based learning, learning tasks, discovery learning, computer simulation, project work, direct instruction,
models methods, programmed instruction, learning at stations, presentation, and experiment.

From the perspective of the mathematics teachers, the following nine methods fulfilled this criterion: problem-
based learning, direct instruction, learning at stations, learning tasks, project work, learning by teaching, jigsaw,
presentation, and experiment.

For the integrative view on instructional methods the criterion that at least one knowledge process was
evaluated with a value > 3.00 both by computer science and by mathematics teachers was used. The following seven
instructional methods fulfilled the criterion: problem-based learning, direct instruction, learning at stations,
learning tasks, project work, presentation, and experiment.

Figure 7 shows the many similarities in the ratings of instructional methods by computer science and
mathematics teachers: problem-based learning is rated highest in terms of almost all knowledge processes, direct
instruction is best suited for the knowledge process of build, learning tasks are very well suited for the knowledge
processes of process and apply. Project work is appropriate for the knowledge process of transfer. With the exception
of problem-oriented learning, all instructional methods are more or less inappropriate for knowledge processes of
assess and integrate.
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Figure 7. Integrative view on instructional methods

DISCUSSION

It must first be noted that the findings support the research hypothesis formulated in the Introduction that
computer science teachers differ from mathematics teachers in their ratings of instructional methods with respect
to knowledge processes.

The presented findings on the use of instructional methods in computer science education partly confirm the
recommendations made in standard works on the subject of computer science education. This applies to 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 (Hazzan, Lapidot, & Ragonis, 2011; Iron,
Alexander, & Alexander, 2004; Koffmann & Brinda, 2003).

The findings on the application of instructional methods in mathematics education confirm the
recommendations made in standard works on the subject of mathematics education. This applies for the
instructional methods problem-based learning, learning tasks, learning (at) stations, and project work (Heddens,
Speer, & Brahier, 2008; Kidwell & Ackerberg-Hastings, 2008; Li, Silver, & Li, 2014).

The analysis of variance to the transport and test goal and the pairwise mean comparisons to the discover variations
goal showed that computer science and mathematics teachers differ on the ratings of individual instructional
methods to individual knowledge processes. The greatest differences were found in the rating of computer
simulation, case study, programmed instruction, role-play, learning at stations, which the computer science
teachers towards the mathematics teachers assessed significantly different. Large differences were also evident in
the rating of concept mapping with respect to the knowledge process of integrate by mathematics teachers towards
computer science teachers. Finally, greater differences were found on the rating of the jigsaw and models method
in regard to two knowledge processes.

The results for the assemble and integrate goal are very interesting: they allow an integrative view of instructional
methods by computer science and mathematics teachers. It was found that both computer science and mathematics
teachers top rated problem-oriented learning, and with a lesser degree direct instruction, and project work. The
findings support the proposal of the Committee on Integrated STEM Education (2014) to favor these instructional
methods, when it comes to the integration of STEM subjects from a teacher’s perspective.

The study was conducted with 11 =24 computer science teachers and n> = 29 mathematics teachers in the state
of Baden-Wiirttemberg who had to make 20 x 6 judgments. The representativeness of the computer science and the
mathematics teachers refers to the state of Baden-Wiirttemberg. The results cannot be generalized to other states
because of different curricular requirements. Due to the plurality of judgments to be made by the computer science
and mathematics teachers maturation effects must be taken into account. For this, the data were analyzed; statistical
tests were conducted according to the necessary requirements.

CONCLUSIONS

The results obtained are important for pre- and in-service training programs, especially for countries not yet
having a complete teacher training course at university for computer science - as in some states of Germany. The
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introduction of a new subject in schools represents a particular challenge for teacher training programs. First, the
dilemma associated with all new subjects has to be addressed. On the one hand, if teachers are trained before a new
subject is introduced, there is a risk that they will not find employment after graduation. On the other hand, a new
subject can be successfully introduced only if sufficient numbers of appropriately trained teachers are available.
When computer science was first implemented as a compulsory subject in academic-track schools (called
Gymnasium) in the southern German state of Bavaria, this dilemma was resolved by providing specific in-service
training programs for teachers (called SIGNAL and FLIEG) that qualified to teach computer science as a
supplementary subject (Spohrer, 2009). With the obtained result to the assemble and integrate goal, educational quality
can be achieved when selecting teachers to post-qualify: choosing mathematics teachers, teachers with adequate
attitudes on using instructional methods are in focus, even in regard to computer science education.

In follow-up work studies with computer science teachers and teachers, who teach other STEM subjects, should
be carried out in order to recruit and post-qualify teachers from a methodological point of view, especially teachers
who already possess experiences in instructional methods important to computer science education.
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APPENDIX

A-1 Process Models of Instructional Methods (Three Examples)

(1) confrontation (2) information (3) exploration

(4) resolution (5) disputation (6) collation

Figure A-1. Case study

(1) introduction (2) problem definition (3) planning

(4) practice and (5) extension of (6) new hypotheses
protocol knowledge base

Figure A-2. Computer simulation

. (2) identifying key (3) creating a preliminary
(1) problem posing concepts concept map

(5) search for

concept relations (6) quality assurance

(4) revision

Figure A-3. Concept mapping
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APPENDIX

A-2 Questionnaire

Please evaluate:

The act of learning through instructional methods.

Please rate each cell on a scale of 0 to 5 (only whole numbers).
It is important that you provide 6 ratings per row.

Knowledge processes

(Explan.ations, see Booklet) build
Instructional methods

(Explanations, see Booklet)

process apply transfer assess integrate

case study

computer simulation

concept mapping

direct Instruction

discovery learning

experiment

jigsaw

learning at stations

O| 0| | & O | W N| =

learning by teaching

=
o

learning tasks

[uny
—_

Leittext method

=
N

models method

=
W

portfolio method

uy
=

presentation

U
Q1

problem-based learning

=
[e)}

programmed instruction

=
N

project work

=
(o]

reciprocal teaching

=
\O

role-play

N
(e}

web quest

2985



Zendler et al. / Instructional Methods in STEM Education

APPENDIX
A-3 Data

K | d 7] & 2 g 7] = 2
nowledge processes s g > % é % QE, - § > % g’ %

32 5 & £ & & B 3 & & S & &

. I 0] n 0] 1] n E n 1 1 1 " n

Instructional methods s & & 5§ & ¢ S s & & 5§ ¢ ¢
by = case study 2.25 2.21 2.83 2.83 2.88 2.42 | 2.57 by = case study 141 1.62 2.38 2.28 2.17 1.90
b, = computer simulation 3.21 3.00 3.13 3.17 2.75 2.38 | 2.94 b, = computer simulation 241 2.03 2.55 2.45 2.00 1.52
bs = concept mapping 1.92 2.33 1.71 2.08 2.29 2.21 | 2.09 bs = concept mapping 159 2.07 152 1.72 2.41 2.83
by = direct instruction 4.29 3.58 3.08 2.58 2.00 2.08 | 2.94 bs = direct instruction 431 3.52 2.97 2.97 2.21 2.48
bs = discovery learning 3.71 2.67 2.83 2.92 2.92 2.92 | 2.99 bs = discovery learning 3.83 3.00 2.90 2.76 2.66 2.55
bs = experiment 3.29 2.13 2.50 2.04 2.08 1.92 | 2.33 be = experiment 3.48 231 2.76 2.38 214 1.86
by = jigsaw 2.96 2.92 2.25 1.71 1.79 1.58 | 2.20 by = jigsaw 324 2.93 3.07 2.31 1.93 2.00
bg = learning at stations 2.96 3.17 2.96 2.42 1.88 1.88 | 2.54 bs = learning at stations 3.07 362 3.76 3.91 1.97 2.48
by = learning by teaching 2.75 2.83 2.88 2.67 2.38 2.17 | 261 b = learning by teaching 2.83 2.03 3.38 2.72 298 2.14
byo = learning taks 3.00 3.92 3.67 3.38 2.17 1.96 | 3.01 bio = learning taks 317 3.86 3.66 2.72 228 2.38
by = Leittext method 2.83 2.63 1.92 1.83 1.25 1.25 | 1.95 by, = Leittext method 234 294 1.97 1.83 1.38 1.28
by, = models method 2.13 2.67 3.00 2.96 2.92 2.88 | 2.76 by, = models method 2.03 2.00 2.55 2.86 2.28 2.45
by = portfolio method 1.71 1.92 1.42 1.38 1.92 1.67 | 1.67 bys = portfolio method 169 1.97 2.14 1.90 1.90 2.07
by = presentation 3.08 2.83 2.33 1.92 2.00 1.96 | 2.35 bys = presentation 314 245 2.38 2.98 2.5 2.45
bys = problem-based learning 3.67 3.75 4.21 4.00 4.00 3.54 | 3.86 bys = problem-based learning 3.48 3.03 362 390 3.17 331
big = programmed instruction 3.42 3.63 3.13 2.42 2.04 1.71 | 2.72 bis = programmed instruction 250 2.72 2.50 2.00 1.59 1.5
by = project work 2.25 2.92 3.33 3.29 3.13 2.75 | 2.94 by = project work 283 310 3.98 3.10 2.97 2.79
bsg = reciprocal teaching 2.08 1.96 1.79 1.83 1.79 1.75 | 1.87 by = reciprocal teaching 138 145 169 166 138 128
bao = role-play 167179 2.29 279 279 2.58 | 232 - oleplay 1.21 1.31 1.93 1.76 1.86 1.66
bao=web quest 233 217 167 1.79 1.92 1.71 | 1.93 byo=web quest 2.38 1.93 1.79 1.69 1.34 1.62
grand means 2.78 2.75 2.65 2.50 2.34 2.16  2.53 grand means 2.62 2.51 264 2.42 2.12 2.13

041 = computer science teachers

Figure A-4. Mean ratings (11;=24; n,=29)

http://www.ejmste.com

0, = mathematics teachers
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