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Abstract: Pedagogical intervention for scientific reasoning is a highly relevant topic in 

science education and outside the classroom. A systematic analysis of the success of 

interventions on scientific reasoning is still missing, leaving unanswered questions regarding 

the magnitude of the effect of interventions for scientific reasoning; and which factors in the 

intervention and the assessment explain differences between studies. Effect sizes taken from 

15 studies were included in a meta-analysis. The results revealed a large effect of 

interventions on scientific reasoning (g = 0.80). Moderator analyses included learning 

activities and, surprisingly, showed that constructive activities yielded larger effects than 

interactive ones. The meta-analysis is limited by the number of studies included. Nevertheless, 

the results show that scientific reasoning can be fostered, though the success of the 

intervention depends on variables in its content, pedagogy, and assessment. 

Objectives and Purpose 
Scientific reasoning has become a prioritized topic in science education. Science in school aims to teach more 

that scientific knowledge; it aims to develop a scientific way of reasoning (Zimmerman, 2000). However, 

scientific reasoning does not only play a role in science education. A lot of information outside the classroom 

has been generated in scientific research. It is possible to process information derived from science without 

being able to reason scientifically. Nevertheless, an understanding of the processes and concepts of science; the 

skill to apply this knowledge; and the ability to reason scientifically enables people to understand scientific 

information within its context, including the assumptions and limitations that derive from its origin (Giere, 

1979). Fostering scientific reasoning is therefore not only relevant for science education; it is also relevant for 

enabling people to participate in a world in which everyone is surrounded by science-based information. 

Zimmerman (2007, p. 215) states that the “…issue of the best way to assess the effectiveness of 

instructional interventions [for scientific reasoning] will be the next issue in need of resolution”. This meta-

analysis presents a first approach to an exploration of the effects of interventions on scientific reasoning. 

Furthermore, it analyzes to what extent factors in the intervention and in the measurement of scientific reasoning 

can be identified to moderate the effect of the interventions. 

Theoretical Framework 

Conceptualizations of Scientific Reasoning 
There are several different conceptions of scientific reasoning; however, as diSessa noted, any effort toward a 

closed set definition of scientific reasoning is an “…elusive and likely chimerical goal” (diSessa, 2008, p. 560). 

Heuristically, conceptualizations of scientific reasoning can be differentiated into approaches that focus on 

scientific reasoning as a process in scientific inquiry (e.g. Klahr and Dunbar, 1988; Lawson, 1995); approaches 

that focus on scientific argumentation (e.g. Kuhn, 1993, 2010); and approaches that focus on an understanding 

of the principles of science (Giere, 1979). 

One of the most frequently cited approaches to scientific reasoning (according to Google scholar) is the 

conceptualization by Klahr and Dunbar (1988) who understand scientific reasoning to be a scientific discovery 

that is conducted through a dual search process in an hypothesis space and an experiment space. The model 

includes three main components: the search in the hypothesis space, during which an hypothesis is evoked by 

prior knowledge or induced by observations from experiments; test hypothesis, during which experimentation is 

used to evaluate a specific hypothesis; and evaluate evidence, during which it is analyzed whether all the results 

that are produced regarding an hypothesis allow its rejection or acceptance of the hypothesis. In addition, further 

models of scientific reasoning were developed that focus on procedural aspects e.g. in science education 

(Lawson, 1995). 

Argumentation is considered to be “…common in science” (Osborne, 2010, p. 463) and also serves as a 

pedagogical method to facilitate scientific reasoning (Osborne, 2010). Kuhn (1993) connected scientific 

reasoning to reasoning as an argument (1991). She understands argumentation to be either rhetorical or dialogic. 

A dialogic argumentation contains a minimum of two people with different views, who join a dialog in which 

everyone offers justifications for their own view and counterarguments opposing the other view. A rhetorical 

argument contains a juxtaposition of two opposite claims and a reasoning process in which the truth or falsity of 
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the claims is considered. Both forms of argument share a similar form of argumentative reasoning: at least one 

person notices the opposition between different claims and evidence is used in the following dialog or reasoning 

process to support or challenge claims. Each of the individuals involved in the dialog or reasoning process stays 

open with regard to the possibility that the original claim might be wrong, while allowing new evidence to have 

an impact on the evaluation of the assertion without dominating the reasoning process. In most cases, it appears 

that claims are not completely correct. In an ideal argument the evidence would be therefore “…weighted in an 

integrative evaluation” (Kuhn, 1991, p. 12) towards an integrative resolution. Therefore, scientific 

argumentation could be conceptualized as a rhetorical or dialogic argument about science, scientific constructs, 

and/or within a scientific context. 

The nature of science contains a number of principles that are characteristic of the process of science. 

The American Association for the Advancement of Science (1989) understands the nature of science to be a 

particular way of observing, experimenting, validating, and thinking. Knowledge about the nature of science 

contains an understanding of scientific methods, the nature of scientific reasoning, and also a set of beliefs and 

attitudes about the world that serves as a foundation of science. Scientific reasoning, as an understanding and 

application of the nature of science, focuses on knowledge about scientific statements and their justification and 

arguments; the role of theories; statistical methods; the difference between causes and correlations; and values 

and decisions in science. While this description consists of mainly conceptual knowledge, understanding of the 

nature of science also includes the components of applying this knowledge within the scientific context; 

moreover, it also includes the application outside the scientific context in everyday situations (Giere, 1979). 

Here, the link between scientific literacy and scientific reasoning becomes apparent. Scientific literacy is 

considered to be an “…understanding of science concepts and processes with the assumption that such 

understanding would lead to an informed citizenry able to enact their knowledge in personal and societal issues” 

(Cavagnetto, 2010, p. 336). 

The description of the differentiation between processes of scientific reasoning, scientific 

argumentation, and understanding of the nature of science includes a wide range of knowledge and skills. 

Therefore, it seems reasonable to adapt this differentiation to an analysis of differences between the contents of 

scientific reasoning in interventions that aim to foster scientific reasoning and test that measures the success of 

those interventions. 

Fostering Scientific Reasoning  
Empirical studies have begun to investigate the effect of interventions on scientific reasoning (e.g. Duncan & 

Arthurs, 2012); scientific inquiry (e.g. Gutwill & Allen, 2012); and scientific argumentation (e.g. Stark, Puhl, & 

Krause, 2009). Successful interventions were reported concerning children within a school context (e.g. Kuhn & 

Dean Jr., 2005), children outside a school context, e.g. in a museum (e.g. Gutwill & Allen, 2012), and also 

concerning adults in higher education (e.g.  Duncan & Arthurs, 2012). 

An analysis of pedagogical approaches to foster scientific reasoning can be conducted from the 

perspective of the intervention in which scientific reasoning is fostered and from the perspective of the 

assessment.  

From the perspective of interventions, it could be hypothesized that factors that influence learning in 

general also influence the facilitation of scientific reasoning. The first factor is the differentiation in content of 

scientific reasoning as described in the conceptualization of scientific reasoning. Additionally, different types of 

knowledge could be targeted within each content of scientific reasoning. Moreover, Mayer (2012) suggests 

analyzing learning in terms of the knowledge type that is targeted in an intervention. He differentiates between 

facts, concepts, processes, strategies, and beliefs.  

Apart from the content of the intervention, it can be assumed that pedagogical methods influence the 

success of an intervention. Chi (2009) suggests differentiating between the activities that learners undertake. She 

describes a framework (ICAP) distinguishing active, constructive, and interactive activities. Active activities 

include all activities during which the learner does something physically. Constructive activities require learners 

to produce something that goes beyond the information in the learning environment. Interactive activities can be 

differentiated into instructional dialogs, in which learner interacts with an expert or teacher, and peer dialogs, in 

which learners refer to each other and build on each other’s contributions. In addition, it can be hypothesized 

that the technological support and the way in which the technology is supporting learners during the intervention 

influences the success of the intervention. Although the technological support became an important variable in 

the design of learning environments, a main conclusion from research on technology-enhanced learning is that 

the effects of technology are rarely main effects but rather interaction effects of technology with the pedagogical 

approach in which it is used. In recent years, many technology-supported interventions have been developed 

using a constructivist perspective by engaging learners in authentic activities, providing scaffolds for self-

regulation and meta-cognition and encouraging collaboration (Rosen & Salomon, 2007). 

From the perspective of assessment, the transfer distance that is demanded in the post-test could be 

understood to be represented by the degree to which the knowledge type included in the post-test was already 
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addressed in the intervention (e.g. Barnett and Ceci, 2002). It can be hypothesized that the transfer distance is 

negatively related to the size of the effect or, in other words: the effect of an intervention is larger if what is 

measured in the post-test is more similar to what has been facilitated during the intervention.  

Research Questions 
The scientific community – especially in developmental psychology and science education - has been interested 

in scientific reasoning and related constructs (Zimmerman, 2000). Moreover, there seems to be an interest in 

fostering scientific reasoning skills across different content areas. Even though several single studies yielded 

positive effects of interventions on scientific reasoning, a systematic analysis of the success of interventions for 

scientific reasoning and possible moderating factors is missing. Interventions use different pedagogical 

approaches and aim to facilitate different aspects of scientific reasoning. Interventions and post-tests differ 

across studies in the content of scientific reasoning, the knowledge type, the technological support, learning 

activities, and the degree to which the knowledge type included in the post-test was already addressed in the 

intervention; consequently, it could be hypothesized that these differences explain parts of the variability 

between the effects of interventions on scientific reasoning.  

Research question 1: What is the magnitude of the effect of interventions on scientific reasoning? What 

is the variability of the effects across intervention studies? 

Research question 2: If there is variability of effect sizes across studies, to what extent do the content 

of scientific reasoning, the knowledge type, the technological support, and the type of learning activities 

included in the intervention explain the variability of the effects between studies? 

Research question 3: If there is variability across studies, to what extent do the content of scientific 

reasoning, the knowledge type, and the transfer with respect to different knowledge types in the post-test explain 

the variability between studies? 

Method 

Literature search and selection  
A systematic literature search was conducted to identify and retrieve publications concerning the facilitation of 

scientific reasoning. The literature search was conducted in the databases PsyINFO and ERIC using the search 

terms scientific reasoning, scientific thinking, scientific discovery, scientific inquiry, and scientific 

argumentation, which resulted in 2722 papers. The search was conducted in March 2013. The results were 

restricted to literature that contained at least one of the five search terms in the title in order to reduce the 

number of findings and eliminate mostly irrelevant literature, which resulted in 664 studies. 

The studies included in the meta-analysis were selected using the following criteria: (a) empirical 

publication in a scientific journal or book, (b) in English or German, (c) published within the period from 

01.01.1988 through 31.12.2012, and inclusion of a report of (d) an intervention and (e) at least one between-

group comparison in a post-test separate from the intervention. Some studies did not report all the necessary 

information needed to conduct a meta-analysis. In these cases, the authors were contacted via email. In case they 

did not respond, whenever possible the existing data were used if sufficient to enable inclusion of the 

publication in the meta-analysis, otherwise the publication was eliminated. The selection of literature resulted in 

15 studies to be included in the meta-analysis. 

Literature coding  
Coding schemes were developed in order to analyze the content of scientific reasoning in interventions and post-

tests; the knowledge type in interventions and post-tests; the technological support in interventions; and the 

learning activities in interventions.  

An intervention was operationalized as a difference in treatment between an experimental and a control 

group. Three studies included more than one intervention. Abdullah and Shariff (2008) included two 

experimental groups, of which only one (the HACL condition) was included in the meta-analysis because the 

description of the study suggested that this condition was the author’s target condition with respect to the 

intervention. Gutwill and Allen (2012) included two experimental groups, of which the Juicy Question group 

was chosen for the same reason. Zion, Michalsky, and Mevarech (2005) had three experimental groups, of 

which the most inclusive intervention condition was chosen (the condition that included the attributes of the two 

other experimental conditions). Furthermore, two studies had more than one control group. In both cases, the 

name of the control group led our decision on inclusion in the meta-analysis (i.e. “pure control” in Gutwill & 

Allen, 2012 and “main control” in Kuhn & Dean Jr., 2005).  

Content of scientific reasoning: The coding scheme for the content of scientific reasoning was derived 

from the conceptualizations of scientific reasoning and differentiated between the processes of scientific 

reasoning, scientific argumentation, and understanding science. Intervention that fostered processes of scientific 

reasoning included scientific processes such as the deduction or generation of hypothesis, or the generation or 
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evaluation of evidence. Interventions that fostered scientific argumentation included an argumentation about 

science or scientific constructs. Interventions that fostered understanding science included knowledge about the 

principles, concepts, assumptions, and limitations of science and its application. One code was given to each 

intervention. 

Knowledge type: The coding scheme for the knowledge type differentiated between facts, concepts, 

processes, strategies, and beliefs (Mayer, 2012) with respect to scientific reasoning. One or more codes were 

given to each intervention representing the knowledge types that were included in the intervention. In order to 

adequately analyze the data, the interventions were classified into (a) one group of interventions that included 

facts, concepts, or both (b) one group that included processes, strategies, or both and (c) a third group that 

included a combination of at least one item from each of the two prior groups. 

Technological support: The coding scheme for the technological support differentiated between 

interventions that included technological support from a constructivist perspective, operationalized as creating 

an authentic learning environment, supporting cooperation, or supporting self-regulation; technological support 

that did not support any of these three aspects of a constructivist approach; and interventions that did not include 

any technological support. One code was given to each intervention.  

Learning activities: The coding scheme for the learning activities (Chi, 2009) differentiated between 

active, constructive, interactive in an instructional dialog, and interactive in a peer dialog. One code was given 

to each intervention representing the most dominant activity.  

All coding schema also included one residual category in case the description did not give enough 

information to determine which code was true. These data were treated as missing data in the moderator 

analysis. 

The measurement of scientific reasoning was operationalized as the post-test(s) conducted after the 

pedagogical intervention. The coding scheme for content of scientific reasoning and knowledge type in the post-

test was similar to the coding scheme for the intervention.  

Transfer with respect to different knowledge types: The transfer was calculated by categorizing each 

study in respect to the distance between what was measured in the post-test to what was facilitated during the 

intervention. We differentiated between post-tests that included no transfer and posttest that included transfer. 

No transfer was assumed in cases where the post-test included only knowledge types that were already part of 

the intervention. Transfer was assumed in cases were the post-test also (or only) included knowledge types that 

were not part of the intervention. 

Statistical analysis 
The meta-analysis was conducted following the procedure suggested by Lipsey and Wilson (2001) for the fixed 

model. Wherever possible, the descriptive data were used to calculate the effect size (Hedges’ g) by using the 

arithmetic means of experimental (X_G1) and control (X_G2) groups; the pooled standard deviation 

(σ_pooled); and the samples size for each group (n1 and n2): g=(XG1−XG2)/(σ_pooled), 

(σ_pooled)=√(σ12�(n1−1)+σ22 �(n2−1))/(n1+n2−2). 

Alternatively, The results of the inferential statistics (t or F values) were used to calculate the effect 

size using these formulas: g=t*√((n1+n2)/n1�n2) or g=√(F*(n1 + n2)/n1�n2).  

Most studies reported one effect in respect to scientific reasoning and this effect was used in the meta-

analysis. The arithmetic mean of the effect sizes was calculated for those studies that reported more than one 

outcome, except for one study (Duncan & Arthurs, 2012) who reported two outcome measures based on 

different but possibly not independent samples. In this case, the more reasonable effect size was chosen. 

The specific parameters of the meta-analysis and the moderator analysis were calculated using the 

meta-analysis macros for SPSS from Wilson (2005). The effects were corrected for small sample bias and 

weighted using the inverse variance weight. The results were computed by calculating the mean of the effects 

and the confidence interval (CI). Furthermore, the homogeneity (Q) of the effects was tested. 

Results 
The first research question was: What is the magnitude of the effect of interventions on scientific reasoning? 

What is the variability of the effects across intervention studies? 

The meta-analysis revealed a highly significant effect, suggesting a large mean effect size (g = 0.80, 

CI95% [0.70, 0.90], p < 0.01). Figure 1 gives an overview of the effects included in the meta-analysis. The 

analysis of homogeneity was highly significant (Q (14) = 96.34, p < 0.01), showing that the sample is 

heterogeneous. The magnitude of the effects of interventions for scientific reasoning is high; however, the 

results show a high variability of the effects across intervention studies. 
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Figure 1. Forest plot of the effects included in the meta-analysis, indicating mean effect size and CI.   

 

The second research question was: If there is variability of effect sizes across studies, to what extent do 

the content of scientific reasoning, the knowledge type, the technological support, and the type of learning 

activities included in the intervention explain the variability of the effects between studies? 

The descriptive results of the subgroup comparison for the moderator variables in the intervention are 

shown in Table 1. The result of the subgroup comparison for the content of scientific reasoning revealed a 

highly significant difference between the groups (Q(2) = 14.02, p < 0.01). Interventions targeting the processes 

of scientific reasoning yielded larger effects than interventions targeting understanding science. Interventions on 

scientific argumentation yielded the lowest effects. The result of the subgroup comparison for the knowledge 

type also revealed a highly significant difference between the groups (Q(2) = 32.01, p < 0.01). The largest 

effects were found in interventions that included the combination of knowledge types; the lowest effect in 

interventions that included processes and strategies. The result of the subgroup comparison for the technological 

support revealed no significant difference between presence or absence of technological support (Q(1) = 0.21, p 

> 0.05). Furthermore, no significant difference was found between the groups after adding the differentiation 

between technology in the context of constructivist pedagogy and technology in the context of other pedagogies 

(Q(2) = .37, p > 0.05). The results of the subgroup comparison for the learning activities revealed a highly 

significant difference between constructive and interactive activities (Q(1) = 17.68, p < 0.01) and also highly 

significant differences after including the differentiation between instructional and peer dialog into the 

moderator analysis (Q(2) = 18.77, p < 0.01). interventions utilizing constructive activities yielded larger effects 

than interventions utilizing interactive activities. Moreover, the addition of the differentiation between peer 

dialog and instructional dialog increased the amount of explained variability between the studies. 

 

Table 1: Descriptive results of the moderator analysis of the intervention   

 

 
Number of 

studies 
g 

Lower bound of the 

CI 

Upper bound of the 

CI 

Content of scientific reasoning     

Processes of scientific reasoning 3 1.28 0.99 1.58 

Scientific argumentation 6 0.65 0.50 0.81 

Understanding Science 3 0.84 0.65 1.04 

Knowledge type     

Facts and concepts 5 0.73 0.56 0.90 

Processes and strategies 5 0.46 0.29 0.64 

Combination 4 1.20 1.01 1.38 

No technological support 6 0.83 0.67 0.99 

Technological support 9 0.78 0.66 0.90 

    Constructivist pedagogy  6 0.80 0.66 0.93 

    Other pedagogies  3 0.73 0.45 1.02 
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Number of 

studies 
g 

Lower bound of the 

CI 

Upper bound of the 

CI 

Learning activity     

Active 0    

Constructive 5 1.09 0.93 1.25 

Interactive 9 0.66 0.53 0.78 

     Interactive: instructional dialog 4 0.74 0.54 0.94 

     Interactive: peer dialog 5 0.60 0.44 0.76 

 

The third research question was: If there is variability across studies, to what extent do the content of 

scientific reasoning, the knowledge type, and the transfer with respect to different knowledge types in the post-

test explain the variability between studies? 

The descriptive results of the subgroup comparison for the moderator variables in the post-test are 

shown in Table 2. The result of the subgroup comparison for the content of scientific reasoning revealed a 

highly significant difference between the groups (Q(2) = 23.28, p < 0.01). The inclusion of processes of 

scientific reasoning in post-tests yielded higher effects than understanding science. Post-test measuring scientific 

argumentation yielded the lowest effects. The result of the subgroup comparison for the knowledge type also 

revealed a highly significant difference between the groups (Q(2) = 10.53, p < 0.01). The largest effects were 

found in post-tests that measured facts and concepts, the lowest effect was found in post-tests that measured a 

combination of knowledge types. The result of the subgroup comparison for the transfer with respect to different 

knowledge types also revealed a highly significant difference between the groups (Q(1) = 15.75, p < 0.01). Post-

tests that included no transfer yielded the largest effects than post-tests that included transfer. 

 

Table 2: Descriptive results of the moderator analysis of the post-test   

 

 
Number of 

studies 
g 

Lower bound of the 

CI 

Upper bound of the 

CI 

Content of scientific reasoning     

Processes of scientific reasoning 4 1.25 1.04 1.46 

Scientific argumentation 3 0.56 0.35 0.77 

Understanding Science 6 0.75 0.61 0.88 

Knowledge type     

Facts and concepts 5 1.03 0.85 1.20 

Processes and strategies 4 0.78 0.59 0.96 

Combination 4 0.61 0.43 0.79 

Transfer with respect to different 

knowledge types 
    

No transfer  10 0.94 0.82 1.06 

Transfer 3 0.47 0.28 0.67 

Discussion 
This meta-analysis carried out a systematic examination of interventions that aimed to foster scientific reasoning 

and found a large mean effect, suggesting that scientific reasoning can be successfully fostered by interventions. 

Furthermore, some variability between the studies may be explained by variables in the intervention and 

variables in the post-test of scientific reasoning.  

Studies in which the interventions focused on processes of scientific reasoning such as hypothesis 

generating, experimenting, and evidence evaluation showed a larger mean effect than studies that focused on an 

understanding of science; studies aimed at facilitating scientific argumentation had the smallest effect size. The 

same pattern was found in the post-test of scientific reasoning. Measuring processes of scientific reasoning 

reached a larger mean effect than than measuring an understanding of science, while measuring scientific 

argumentation yielded the smallest effect size. The knowledge type also played an important role in intervention 

and post-test. The largest mean effect was achieved in studies that included a combination of knowledge types 

in the intervention. Regarding the post-test of scientific reasoning, the largest effects were achieved when only 

facts and concepts were measured.  

The effects of the moderator analyses have to be cautiously interpreted, however, because the tests of 

significance refer to subgroup comparisons and do not provide a test of significance for comparisons between 

single variables. The moderator analysis shows, for instance, a significant difference between contents of 

scientific reasoning in interventions. However, it does not provide a test of significance between processes of 

scientific reasoning and understanding science.  
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The results of the moderator analysis with respect to technological support in the learning environment 

do not support the assumption that technology can increase the effect size, even when combined with a 

constructivist pedagogy (Rosen & Salomon, 2007).  

The differentiation in learning activities between interventions revealed a significant difference, 

validating to an extent the distinction put forward in the ICAP hypothesis by Chi (2009). However, the 

assumption that interactive activities are more effective than constructive activities is not supported in the 

context of intervention studies on scientific reasoning. The larger effect of constructive, in comparison with 

interactive, activities might be explained by the topic of the intervention. It would be reasonable to assume that 

interactive activities, especially with peers, provide both aspects that support the learning process and aspects 

that are detrimental. The evidence provided by Chi (2009), supporting the hypothesis that interactive are more 

beneficial than constructive activities, compares situations only in which the interactive activity is similar to the 

constructive one, except for the presence of another individual. In this comparison, further aspects are neglected 

that occur in interactive activities at times; add to the cost side; and might negatively affect the learning process; 

such as time that is spent on coordination and eristic arguments. Scientific reasoning is a complex target for 

intervention; thus, the cost side of interactive activities might have become more influential. If this explanation 

is valid, ICAP needs to be differentiated with respect to potential collaboration costs that might be higher in 

more complex reasoning tasks without additional guidance.  Future analyses could more closely examine the 

interaction process itself to test this modification of ICAP. In addition, future analyses should try to include the 

active category of activities in learning environments for scientific reasoning and argumentation, to 

comprehensively test the validity of ICAP in this context. 

The results of the moderator analysis concerning the transfer suggest that the range of transfer between 

intervention and post-test explains some variability between the studies. The absence of transfer yielded larger 

effects than the presence transfer. This result is coherent with conceptualizations of transfer (e.g. Barnett and 

Ceci, 2002) and could additionally be interpreted as a validation of the sample of studies that was included in 

the meta-analysis. 

Even though most results of the meta-analysis are highly significant, interpretations of the results have 

to be made cautiously. The main limitations of the meta-analysis directly result from the selection of studies. As 

Eisend (2004) points out, the research and publication process favors studies that report significant results, 

leading to a bias in the published studies. Furthermore, the sample included in the meta-analysis was limited to 

studies that included scientific reasoning and related search terms in the title, which might have enhanced a bias 

in favour of studies that included an successful intervention for scientific reasoning.  

This meta-analysis provides a first overview of intervention studies concerning scientific reasoning and 

shows a large effect of intervention on scientific reasoning. Furthermore, we were able to identify moderator 

variables in the content, pedagogy, and assessment. Interventions for scientific reasoning which engage learners 

in constructive activities are more successful than interventions which engage learners in interactive activities; 

this result validates the distinction made by Chi (2009) but, at the same time, disconfirms the order of the 

activities. Furthermore, the type of content and knowledge fostered in the intervention, and measured in the 

post-test, influences the success of the intervention. Further research is needed to test directly the effects found 

in this meta-analysis.  
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