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Using A Multiple Evidence Model (MUEMO)
for Testing the Effectiveness of Educational Interventions
1. A Multiple Evidence Model (MUEMO) for Educational Interventions

Investing large amounts of resources within educational systems has stimulated the
development of scientific approaches dealing with the validation and evaluation of
educational interventions (e.g., Campbell & Russo, 1999). Such approaches are empirical
resp. evidence-based in nature and although subject of sophisticated methodological concepts,
have not had yet significant impact on educational practice and related research. There are
two main reasons for this situation. First, a lacking emphasis on interventions reduces the
probability of the implementation of methodological concepts which deal with criteria for
effectiveness: Many prominent international programs for improving educational practice are
orientated on describing persons or situations, but not on systematically influencing
conditions and testing intervention effects (see, for example, the PISA(Programme for
International Student Assessment)-activities). Second, many empirical educational
effectiveness studies have traditionally tested post-treatment-effects, but have not discussed
given results based on other aspects of intervention effectiveness (e.g., Prenzel & Allolio-
Nacke, 2006).

As far as there are research-guided educational interventions programs, then they are -
in most cases - not based on comprehensive models of different forms of effectiveness (e.g.,
Astleitner, in print).

Such models could help to achieve a more reliable and valid picture of the
effectiveness of educational interventions in question (see, for example, related issues in the
field of psychological interventions; Hager, Patry, & Brezing, 2000). In addition, such models
could stimulate the development of standards for the design of interventions (see, for
example, the concept of “design research”; Kelly, Lesh, & Baek, 2008). It is the major goal of
this paper to present such a recently developed model of evidence-based educational

effectiveness and to show how it can be used within educational intervention programs.

Include Figure 1 about here!

Within Figure 1, a “multiple evidence model (MUEMO)” for evaluating the
effectiveness of educational interventions is depicted. This model is related to some ideas
from Hager and Hasselhorn (2000, p. 81) and from Middleton, Gorard, Taylor, and Bannan-
Ritland (2008, p. 32), but it deals only with “effectiveness”; it does not focus on ethical



norms, traditional scientific criteria (e.g., internal or external validity and design sensitivity),
or efficiency standards for educational interventions, but assumes them to be fulfilled (e.g.,
Campbell & Russo, 1999; Lipsey, 1990). According to this model, “effectiveness” of
educational interventions is given, when goal competencies are persistently increased by
interventions (e.g., instructions, trainings, or counselling) in comparison to a non-intervention
situation. Such non-intervention situations can be found in contexts given before the
intervention (“Pre-Condition™) or in contexts without interventions (“No-Conditions”). Goal
competencies before interventions are measured as pretests; goal competencies in contexts
without interventions are given in control groups. Comparisons with pretests and control
groups represent a standard procedure in traditional experimental design and related validity
concepts (e.g., Lissitz & Samuelsen, 2007).

In order to be able to evaluate the effectiveness of educational interventions
comprehensively, effectiveness has to be related to “time”, to “contexts”, and to “different-
intervention-functioning”.

“Effectiveness in time”. This aspect points to the necessity that intervention effects
should be tested during intervention (A), at the end of the intervention (B), but also after the
intervention on the long run (C). A three-times measurement allows not only for testing
effectiveness at the end of an intervention, but also for finding some data about the process or
development of effectiveness and its duration over time. To observe the development of
effectiveness represents an idea that is based on methodological concepts of traditional single
case, process-orientated, and also longitudinal research (e.g., Julius, Schlosser, & Goetze,
2000; Menard, 2008).

“Effectiveness in contexts”. This aspect aims at testing whether intervention effects
show improvements in different contexts. Effects should be tested within similar (relevant)
contexts (D), within nested contexts (E), and within daily life situations (F). Similar contexts
concern situations in which target competencies as established by intervention (e.g., reasoning
skills) represent an important source of improving problem solving (e.g., finding solutions for
complex biological problems). Nested contexts are more distant to goal competencies. In
these contexts, goal competencies are important, but only in combination with other skills and
competences at different organizational levels (e.g., for improving the overall performance of
a school program, students should improve their reasoning skills, but also teachers should
improve their daily instruction and so on). Daily life situations represent a type of context that
lies clearly outside educational situations (e.g., applying reasoning skills to reduce the price

for a product during selling negotiations). The aspect of being effective in different more or



less similar contexts brought into focus traditionally, for example, by “action research”;
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concepts associated with it are “ecological validity”, “design research”, “technological
theories”, “pragmatic research” or approaches trying to bridge the “theory-practice-gap” (e.g.,
Patry et al., 2005; Stachowiak, 1995).

“Different-Intervention-Functions . In addition to main effects of educational
interventions side-effects (G) and interaction effects with other variables (H) should be tested
too. Knowledge about these types of effects helps to calibrate and adapt interventions. Side-
effects concern significant but unintended outcomes of educational interventions. The idea to
consider side-effects originally comes from “utility research” and “evaluational research” and
approaches which try to connect medical or ethical standards to the field of education (e.g.,
Bortz & Doring, 2006). Interaction effects are given when the educational intervention only
show effects when certain situations and/or personality characteristics are given (e.g., an
instructional program increases the achievements of students with high prior knowledge, but
decreases the achievements of students with low prior knowledge). The focus on interactions
is traditionally anchored with concepts like “Aptitude-Treatment-Interaction” or with complex
methods for data analysis (e.g., Caspi & Bell, 2004; Corno et al., 2002; Jaccard, Turrisi, &
Wan, 1990).

Within the MUEMO, it is assumed that all these tests (from A to H) should be
undertaken in a hierarchically organized sequence: After A to C have been realized, then D to
F should be done; finally G and H should be undertaken. A to C is dealing with effectiveness.
If effectiveness of an intervention is given, then this effectiveness can be tested under
different circumstances (D to F). If an intervention is effective and has shown effectiveness
under different circumstances, it can be calibrated (G to H). Of course, these tests can be done
within one study, more or less, at the same time.

In addition, all tests should be based on pre- and no-condition comparisons. Overall,
the MUEMO combines and integrates different lines of educational effectiveness concepts,
mainly not to stimulate methodological concept development, but to improve the quality of
tests related to educational interventions. Within this paper, we tried to connect MUEMO to
an educational intervention based on a certain instructional method, i.e., “Learning cycles”.

2. An Example of an Intervention Study: Learning Cycles and Science Instruction

Kriegseisen and Riffert (in preparation; see also Hascher, Hagenauer, Kriegseisen &
Riffert, 2009) have done an educational intervention study in which “learning cycles” were

implemented for improving learning in Science instruction.



The “learning cycles” approach represent an instructional method, originally
developed by Whitehead (1928/1967) and Dewey (1938/1997), which is based on sequence of
different phases of learning (i.e., romance/exploration, precision/concept introduction,
generalization/application) in combination with specific instructional methods (e.g., dealing
with life problems, asking questions, developing explanations, testing hypotheses, ... etc.) and
related behaviour of students and teachers. It has been developed by Karplus (see Karplus &
Thier 1967) by combining it with Piaget’s Genetic Structuralism and modified by Lawson,
also including an observation instrument; for an overview on this instructional method, see
Riffert (2005, 2008).

The educational intervention study was based on a quasi-experimental pre-posttest-
design with a control group. The experimental group consisted of 25 8th-grade-students (13
girls and 12 boys) from one class of a primary school (Hauptschule). The control group
consisted of 24 8th-grade-students (11 girls and 13 boys) from another class. Within the
experimental group of this intervention study, Learning Cycles were used within Chemistry
courses (3 Learning Cycles [about water, air, acids and bases] from November until January)
and Physics courses (also 3 Learning Cycles [about electrical devices, light and colours, and
radioactivity] from the end of February until the end of June). In the Control group, no
Learning Cycles have been implemented; all other elements of the courses were identical.
Instruction based on Learning Cycles overall took about 32 hours within the experimental
group.

For measuring the dependent variable, i.e., the cognitive development according to
Piaget’s stage theory, Science Reasoning Tasks (SRT) (Wylam & Shayer, 1980) were used
before (2 tasks=2 pretests within an interval of 14 days), during (1 task), and after the end of
intervention (2 tasks=2 posttests with an interval of 7 days). Before starting the intervention,
Intelligence of all students was measured using the Culture Fair Intelligence Test-Scale 2
(CFT 20) from Weil} (1987). Reliability and validity of the SRT and CFT have been proved
successfully repeatedly in the past, so they have not been tested for the given study (see
Riffert, 2008; Weil, 1987).

Before starting the intervention and immediately after the intervention parts of a
measurement tool for students’s interest conceptions concerning physics and chemistry
developed by Hoffmann, HéauBler, and Lehrke (1998) has been used. Only one part of the
collected data, i.e., the subscale of Subject Interest (with 20 items and good reliability, see

Table 3, Part A), has been analysed within this paper. In addition, at the end of intervention,



grades were collected. Within this study, grades as indicators of overall achievement in the
subject concerning Chemistry, Physics, Mathematics, and German Language were compared.

3. Testing the Effectiveness of a Learning Cycles Intervention using MUEMO

Data from the study from Kriegseisen and Riffert (in preparation) can be re-analysed
in order to find correspondence with MUEMO. This re-analysis aims at illustrating how
MUEMO can be used for the designing and the evaluating effectiveness studies.
3.1. Testing Effectiveness in Time and in Comparison to a Control Group

First, we tested - according to MUEMO - the effectiveness of the learning cycles
intervention in respect to time and in comparison to a non-intervention control group. Such
tests are more or less standard in educational effectiveness studies (see, for example, Zohar &
Peled, 2008).

To determine the effects of the learning cycles intervention a repeated ANOVA (with
SPSS 16.0 for Mac) was performed with time as the within-subjects factor and treatment
(experimental vs. control) as between-subjects factor (Bortz, 1993, p. 313). N differs in
comparison to the original number of subjects because of missing data (overall n=34 instead
of 52). The ANOVA revealed a main effect of time, F(4, 32)=6.59, p<0.001, partial
ETA?=0.17, indicating that children changed their Science reasoning skills over the course of
instructional sessions, and a main effect of treatment, F(1, 32)=8.95, p<0.001, partial
ETA*=0.22, indicating that students in the Experimental group outperformed students in the
Control group. The interaction between time and treatment was not significant, (4, 32)<1.
However, to examine the differences between the Experimental and Control groups prior to
the intervention we compared their mean scores in the first and second pretest (see Table 1).
T-tests for independent groups showed that the differences between the two groups were
nonsignificant, #(45)=-1.92, p>0.05 in the first pretest, but significant, #41)=-4.02, p<0.001,
in the second pretest. This result indicates that the differences between Experimental and
Control group are due to significant differences prior to interventions. Therefore, no
conclusions can be made about the effectiveness of the intervention, except that the
intervention did not reduce Science reasoning skills in comparison to a Control group. Based
on MUEMO, further comparisons of mean scores between time and groups could be made in
order to gain a comprehensive picture of the intervention effects. However, as intervention

effects could not be attributed to the intervention itself, no further comparisons are performed.

Include Table 1 about here!




For the purpose of our paper, this result is not important because we used the learning
cycles study in order to show how the MUEMO could be applied. Our major goal was not to
develop an effective instructional intervention based on learning cycles, but to illustrate by an
example how MUEMO could stimulate educational effectiveness testing.

3.2. Testing Effectiveness in Contexts

According to MUEMO, effects of educational interventions have also to be tested in
contexts that are relevant for the intended goal areas. These contexts can be highly similar to
the given situation of the intervention, they can have some nested relationship, or they can
represent real life situations.

In our study, we have tested the effects of learning cycles on Science reasoning tasks.
These skills are used in Science classes dealing with Physics and Chemistry. At the end of the
school year, we have collected grades in Physics and Chemistry what represent similar
contexts. We also have measured grades in Mathematics and German language what should
measure effectiveness in nested contexts. Science reasoning skills concern subjects that are
closely related to science, like Physics and Chemistry. However, these skills also represent
some general thinking, hypothesis testing or argumentation skills that are also relevant in
other subjects in which thinking and language skills are important, like Mathematics and
Language education.

Mann-Whitney-U-Tests were performed to compare the grades within similar and
nested contexts between Experimental and Control group (Bortz, 1993, p. 141). Table 2
shows middle ranks, Z-, and p-values for all four grades indicating that they are no significant

differences between Experimental and Control group (all p>0.05).

Include Table 2 about here!

Using MUEMO, it can be stated that the learning cycle intervention has not shown any
effectiveness in goal relevant contexts when comparing an intervention (condition) with a
non-intervention situation (no condition). There have been no comparisons with a pre-
condition as suggested by the MUEMO, because of missing data. Data about effects in daily
life situations were not collected. Such data could be found in solving daily problems in
which reasoning skills are important, like, for example, proofing statements, testing products,

or confronting assumptions about situations with real experiences.



3.3. Different-Intervention-Functioning

In order to test side-effects according to MUEMO, the effects of learning cycles on
subject interest have been tested. Subject interest represents a non-cognitive variable that has
repeatedly been found to be relevant for Science learning (e.g., Kessels & Hannover, 2004).
T-Tests for independent samples have been used to identify significant effects of the
experimental condition on subject interest (see Table 3, part A). Results show that students in
the Experimental group did not differ significantly from students in the Control group in both
pre- and posttests of subject interest (Pretest: #(43)=1.82, p=0.076; Posttest: #(41)=0.49,
p=0.63). Because of these insignificant results, no further analyses based on statistical tests
have been made. However, an inspection of mean scores indicates that subjects’ interest has
been stable in the Experimental group (from pre- to posttest: 64.00 vs. 65.32), but has been

reduced in the Control group (58.46 vs. 67.05) (a larger mean score indicates lower interest).

Include Table 3 about here!

For identifying different-intervention-functioning according to the MUEMO,
Aptitude-Treatment-Interaction-tests have been performed (see Table 4). An ANCOVA (Bortz,
1993, p. 333) with interactions of the treatment-variable and Intelligence as co-variable has
been used calculated to search for indications of different intervention effects on the first
posttest (see Table 3, part B). The first posttest on Science Reasoning was used, because it
was expected that for this measurement effectiveness should be increased.

Results show a significant Group x Intelligence-Interaction (£(1, 41)=4.01, p<0.05,
partial ET4>=0.09). This interaction indicates that the intervention of learning cycles had
different effects based on the Intelligence of students. Students did not differ in Intelligence
between Experimental and Control group (#46)=-0.46, p=0.65). However, correlations
between Intelligence and Science Reasoning are different in Experimental group (r=0.56,
p=0.005) in comparison to the Control group (=0.21, p=0.369). Using a test for correlation
differences based on Fishers-Z-Transformation (Bortz, 1993, p. 203) shows that both
correlations are different (z=-1.31, p<0.10). These results indicate - as expected - that students
with high Intelligence gained more cognitive skills in the Experimental group in comparison
to students with low Intelligence. Within the Control group, the Intelligence of students did
not lead to different gains in learning. Therefore, there are some indications that the learning
cycles intervention was helpful for learning, but - in tendency - especially when students had

high Intelligence.



4. Discussions

Within this paper, a multiple evidence model for evaluating the effectiveness of
educational interventions has been presented and applied to an intervention study dealing with
the learning cycle approach in Science education. This model integrates different lines of
educational effectiveness concepts that are focussing on time, contexts, and person-situation-
interactions. It represents holistic standards for testing interventions effects, which can be
used to improve the quality of interventions in practical educational settings.

A holistic approach for educational effectiveness testing and exploring. This way of
effectiveness testing is holistic in a sense that it covers many possible proximal and distal
effects of educational interventions. It therefore has a function for hypothesis testing (about
expected effectiveness), but also represents stimulation for exploring hypothesis (about so far
unknown or unexpected effectiveness that was discovered by using MUEMO). Therefore,
MUEMO should not only have positive impact on applied, but also on basic research, because
it can deliver effect patterns that must be explained by innovative theoretical concepts.
Methods of how to build theories out of different effectiveness patterns can be found, for
example, in Miles and Huberman (1984, p. 215).

A testing model for educational development. Especially, within the field of applied
research in education, the research-driven development of products (courses, trainings,
instructional methods, etc.) represents an important task. MUEMO can be implemented on
different stages of such a development process in order to get data about the quality of a
product. Such data can be used continuously throughout a whole process and contribute
significantly to quality assurance. MUEMO can be used in combination with approaches that
deal with the application of scientific research results to educational practice of about how
knowledge from Educational Science can be transformed into educational practice, especially,
in the field of data-based interventions. For example, Rolff (2008, p. 151) has postulated a
model of an “action-circle” with theories, applied theories, and data-based interventions as a
core of evidence-based educational development and quality assurance.

Implementing a decision mechanism. Within a next step in the development of
MUEMO, decision mechanisms have to be established that help to make modifications of
educational interventions based on different patterns of effectiveness. For example, it is an
open question how designers of educational interventions should modify their interventions
when the interventions have positive effects in time, but negative ones in contexts, or vice
versa. Such decision mechanisms have to consider a) strong vs. weak effects, b) sizes of

effects found in past, c) the importance resp. urgency of a problem that is related to goal



competences, d) the possibility of improving the effectiveness by combining interventions,

and other factors.
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Figure 1. A multiple evidence model (MUEMO) for educational interventions (related to
Hager & Hasselhorn, 2000, p. 81 and Middleton, Gorard, Taylor, & Bannan-Ritland, 2008, p.
32).

INTERVENTION VS. NON-INTERVENTION
(PRE- AND NO-CONDITION)

EFFECTIVENESS IN TIME

A. Increasing goal competencies during intervention
B. Increasing goal competencies at the end of intervention

C. Increasing goal competencies after the intervention on the long run

EFFECTIVENESS IN CONTEXTS

D. Improving in similar contexts
E. Improving in nested contexts

F. Improving in daily life situations

DIFFERENT-INTERVENTION-FUNCTIONING
G. Side-effects

H. Interaction-effects
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Table 1
Mean Scores (and SD) of Students” Science Reasoning Tasks (Wylam & Shayer, 1980) Results

Group 1. Pretest 2. Pretest During 1. Posttest 2. Posttest
Intervention
M (SD) M (SD) M (SD) M (SD) M (SD)

Experimental ~ 4.85 (1.18) 5.65 (0.49) 5.90 (0.55) 5.40 (1.19) 5.65 (0.75)
(n=20)
Control 4.64 (1.08) 5.00 (0.78) 5.29 (0.61) 4.79 (0.58) 4.93 (0.48)
(n=14)
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Table 2
Middle Ranks, Z-, and p-Values of Context Effectiveness Variables: Grades

Group Similar Nested

contexts contexts
Physics Chemistry ~ Mathematics German

Experimental 24.58 24.36 25.34 22.30

(n=25)

Control 26.42 26.64 25.66 28.70

(n=25)

Z -0.47 -0.60 -0.08 -1.76

(p) (0.64) (0.55) (0.94) (0.08)

16



Table 3

Indications of Different-Intervention-Functioning

A. Testing Side-Effects: Mean Scores (SD) and Reliability of Students” Subject Interest Scale
(from Hoffmann, Hdiufller & Lehrke, 1998)

Group N Pretest N Posttest
Experimental 24 64.00 (10.26) 22 65.32 (12.40)
Control 21 58.46 (10.15) 21 67.05 (10.87)
Cronbach’s 0.85 0.88
Alpha

B. Testing Aptitude-Treatment-Interactions: Results from an ANCOVA (Bortz, 1993, p. 333)

on Science Reasoning Tasks (1. Posttest, n=45)

Source SS df MS F p  Partial Eta
Group 1.85 1 1.85 247 0.12 0.06
Intelligence 693 1 693 9.27 0.00 0.18
Group x Intelligence 3.00 1 3.00 4.01 0.05 0.09
Error 30.70 41 0.75
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