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The Four-Component Instructional Design Model (4C/ID): A meta-analysis on use 
and effect 

 

Abstract 

The four-component instructional design model (4C/ID) has been increasingly used in face-

to-face and online learning environments. We present a meta-analysis on the use and effect 

of educational programs developed with the 4C/ID model on performance, after more than 

20 years of its application and research in different academic areas and technical training. 

We performed the meta-analysis through the combination of the effect sizes of the studies 

using Cohen’s d. The combination of the studies suggests that the use of educational 

programs developed with 4C/ID has a high impact on performance (d = 0.79), regardless of 

the academic area, the design of the study and the outcome (knowledge and complex 

skills). The grade under study was a significant moderator on the effect, showing that the 

higher-education level is more suitable for application of the 4C/ID model. Our results 

suggest that the use of the 4C/ID model should be prioritized as instructional model in 

college and university learning environments. 
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Introduction 

Instructional Design can be defined as the domain of human activity that concerns learning 

and performance improvement (Merril 2002). It aims to optimize learning rather than 

describe or explain it, and therefore has a prescriptive and normative orientation (Bruner 

1966).  

Reiser (2001) highlights that instructional design is more than the use of certain 

resources and technologies; its purpose is to improve performance. Recently, Reigeluth, 

Beatty and Myers (2017) gave us a vision of changes taking place in instruction theory, 

arising from the technological society from the Information Age, contributing to the shift 

from the teacher-centered to learner-centered models. These changes have had 

repercussions in several domains associated with the instructional design: instructional 

management, assessment and even curriculum. According to these authors, the 

development of the theory of instruction arose during the 1980s. At that time, systemic or 

process models predominated, such as the ADDIE model (Analysis, Design, Development, 

Implementation, Evaluation), still used nowadays. During the 1990s, based on the urgency 

of a new paradigm and its different theories, research was concerned on centering the 

instruction on the learner rather than on the teacher (Reigeluth et al. 2017). From 2009, 

academics tried to find a common language and knowledge in this field, without replacing 

the different models and instructional theories that emerged mainly during the 1990s.  

Each instructional theory is associated with a scientific theory of cognitive 

development or human learning, which explains how we acquire and transfer knowledge 
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(Bruner 1966).  Although instructional design as a disciplinary field emerged with Skinner's 

Programmed Instruction in the early fifties (Skinner 1954), today there are three major 

approaches to instructional design: instructivism, rooted in the behaviorist theories of 

learning; constructivism, rooted in cognitive developmental psychology; and cognitivism, 

rooted in information process theories or cognitive psychology. 

Cognitive models base their proposals on experimental research that is developed 

within the information processing psychology or cognitive psychology, where memory is 

the main mechanism that allows human beings to learn (e.g. Anderson 1983, 1993; 

Baddeley 1997; Nisser 1967). They value the processes of knowledge construction that 

follow the way memory works: a working memory with limited capacity (Baddeley 1997) 

which processes the different stimuli that arrive to the human being through the sensorial 

systems transforming them into mental representations. This process makes the connection 

between this new knowledge and previously acquired knowledge organized in long-term 

memory in mental schemas. In human cognition framework, learning means acquiring new 

mental schemas, integrating others already acquired into broader schemas and automating 

other schemas (eg. Anderson 1983, 1993; Blessing and Anderson 1996). 

One of the cognitive instructional models that is currently used in many scientific 

areas as a dimension of powerful learning environments is van Merriënboer's Four-

Component Instructional Design Model (4C/ID) (van Merriënboer and Paas 2003). 

According to its authors, the 4C/ID model is an instructional design model mainly suitable 

for teaching complex learning (Frerejean, van Merriënboer, Kirschner, Roex, Aertgeerts, 

and Marcellis 2019). It is based on the cognitive psychology or information processing 

approach to cognition, where memory plays a central role in the process of learning.  The 

4C/ID model also advocates a task-centered instructional design that the traditional 

cognitive models, as the conditions-based model of Gagné, do not share. According to 
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Merrill (2002), this model is “perhaps, the most comprehensive recent model of 

instructional design that is problem-centered” (p. 56), involving all of the first principles of 

instruction.  

The 4C/ID model allows the development of powerful learning environments that 

integrate some of the characteristics of categories of learning environments proposed by 

Bransford, Brown and Cocking (2000): student-centered, knowledge-centered, assessment-

centered and community-centered. For Bransford, Brown and Cocking (2000), learning 

environments that manage to bring all these perspectives together are the ones that are most 

effective in learning, both inside and outside school. 

 

The 4C/ID Model 

The 4C/ID model was developed by van Merriënboer and his colleagues in the early 

1990s. Its main objective is to support the teaching of complex learning, requiring the 

integration of knowledge, complex skills and attitudes to solve real-world problems (van 

Merriënboer and Kirschner 2001; van Merriënboer and de Croock 1992). This model 

covers the current knowledge about human cognitive architecture, the limitations of 

Working Memory, and a set of principles proposed by the cognitive theory of multimedia 

learning (eg. Mayer 2014) and the cognitive load theory (eg. Sweller, Ayres, and Kalyuga 

2011; Sweller, van Merriënboer and Paas 2019), aiming to promote the acquisition and 

transfer of knowledge (van Merriënboer and Kester 2004).  

Van Merriënboer, Jelsma, and Paas (1992) made the first presentation to the 

scientific community of the 4C/ID model responsible to train complex skills. They 

described the different stages of implementing the instructional model for training complex 

skills (design, presentation of information to support learning and training). Their work also 

presented a practical application of the model to the development of professional skills in 



 

5 
 

distinct areas, such as engineering, programming and statistics. The authors predicted that 

the application of the 4C/ID model produces more reflective knowledge and better 

performance in learning transfer (van Merriënboer et al. 1992). Following this work, van 

Merriënboer, Clark and de Croock (2002) described a framework for the application of the 

4C/ID model for complex competence training, suggesting the structure of the training plan 

and the associated instructional methods.  

The 4C/ID model is composed by four interconnected components (Figure 1): (i) 

learning tasks, which are the central feature of the model, being preferentially based on 

real-world problems; (ii) supportive information, that helps the learner to solve more 

efficiently the problems defined in the learning tasks, connecting previously acquired 

knowledge to the newly presented knowledge, (c) procedural information, which provides  

information about how the routine aspects of the tasks should be performed; this 

information is organized into small segments of information presented at the exact moment 

they are needed – a just-in-time information; and (d) part-task practice that allows the 

learner to train routine skills that are part of the learning tasks and should become fully 

automated. 
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Figure 1. 4C/ID model (reprinted from 4CID.org 2020) 

 

In the 4C/ID model, it is critical to carefully manage learners’ cognitive load, 

because of its focus on whole-task learning tasks. Due to the task complexity of this kind of 

learning tasks it is crucial to accurately manage the cognitive load imposed on the learners.  

In order to manage these types of cognitive load, the 4C/ID model suggests the 

following specific strategies in terms of task sequencing and information presentation:  

a) Sequence learning tasks classes from simple to complex. Task complexity could 

compromise the learning process because of the excessive cognitive overload for the 

learners. Thus, in order to fix this problem the first task class should be the simplest version 

of the whole tasks the learners encounter in the work context. The final task class should be 

the most complex, including the real-world tasks; 
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b) Sequence learning tasks with decreasing learner support (fading from high to no 

support). Another way to prevent learners’ cognitive overload is the use of various types of 

learning tasks ranging from high built-in-support, via tasks with an intermediate level of 

support, to conventional tasks without support (e.g., worked examples and completion 

tasks); 

c) Sequence learning tasks in a variable order (high contextual interference). Research 

findings indicate that high variability of practice affects the development of schemata and 

promotes subsequent learning transfer; 

 d) Present supportive information before learners start working on the learning tasks, and 

make it accessible to learners during the practice, because this information involves mental 

models (e.g., what is this?, how is this organized, how does this work?) and cognitive 

strategies, with high complexity. So, performing practice and studying supportive 

information simultaneously may cause cognitive overload (Kester, Kirschner, van 

Merriënboer and Baumer 2001); 

e) Present just-in-time information when learners need it,  to reduce ineffective cognitive 

load caused by temporal split attention (Mayer and Sims 1994).  

 

Research on the 4C/ID model. 

The research carried out under the 4C/ID model has been developed in two main 

areas: (i) one focused on improving the applicability conditions of the learning environment 

that integrates the model, for example, the format and timing of the presentation of 

supportive information, how to organize the learning tasks or how to sequence the task 

classes (e.g. Paas 1992; Nadolski, Kirschner and van Merriënboer 2004, 2006); (ii) the 

other is related to the efficiency of the model on the acquisition of knowledge and its 
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transfer to other tasks, more or less distant from the previous ones (e.g. van Es and Jeuring 

2017; Martínez-Mediano and Losada 2017); or even combining performance (acquisition 

and transfer) with the perceived mental effort (e.g. Sarfo and Elen 2007; Melo and Miranda 

2015). 

 We carried out a meta-analysis over the studies included in (ii), aiming to 

understand the effects of the whole model on the acquisition and transfer of knowledge. 

 

Method 

To understand the effects of the 4C/ID model on learning, we developed a systematic review 

following the PRISMA statement (Moher, Liberati, Tetzlaff and Altman 2009).  

 

Information Sources and Search 

We searched for the keywords (“4C” and “instructional design”) to include the 

abbreviations 4C/ID, 4CID and 4C-ID presented in the literature, or the full name of the 

model as search term (“four-component instructional design”) in topic, abstract or title. We 

only searched for articles from 1992 since this was the year of the first publication of the 

model (van Merriënboer, Jelsma and Paas 1992). We performed all database searches in the 

first week of May 2020. 

The selected databases were the major ones that covered high quality studies in the 

field, namely, Web of Science (WoS) of Clarivate Analytics, including all databases in the 

WoS Core Collection, Scopus, ERIC, DOAJ and IEEEXplore. We also looked for PhD 

theses in DigiNole using the same search keywords. 

 

Eligibility Criteria 

 After the search phase, the studies that follow the next criteria were included: 
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i. The study includes the use of instructional materials based on the whole 4C/ID 

model. Studies that use only a segment of the 4C/ID model were excluded; 

ii. The study presents quantitative empirical results; 

iii. Results provide or allow the calculation of effect size; 

iv. Results are not provided from self-assessment; 

v. The study measures knowledge or complex skills. 

Figure 2 shows the flow of information through this systematic review, based on 

Moher’s et al. (2009) PRISMA diagram. 

 

Figure 2. PRISMA flow diagram through the 4C/ID model meta-analysis. 

 

From the 127 records identified in searching databases (Scopus 50, DOAJ 4, 

IEEEXplore 7, WoS 54, DigiNole 3), 44 were repeated through databases and seven 

(mainly book chapters) were unavailable. 
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We also searched on the127 records’ references identified in search databases. From 

the records’ references we got two additional records that matched the inclusion criteria. 

 

Statistical analysis 

We used Cohen’s d to calculate the effect size of the select studies with the support 

of Lenhard and Lenhard’s application (2016). The combination of the studies with effect 

sizes allows us to interpret studies through a single measure (Borenstein, Hedges, Higgins 

and Rothstein 2009) and also to explain the characteristics that are responsible for the 

differences in the results (Coe 2002).  

The Cohen’s d represents the estimates of the quantity of subjects of the 

experimental group that are expected to exceed the medium value of the control group 

when represented by a proportion (Conboy 2003). This measure has the advantage of using 

an unbiased estimative to true population variability, whether the null hypothesis is true or 

not. Also, it is less biased than Hedges’ g (Conboy 2003).  

Additionally, we use a p-curve method to investigate whether the significant results 

present in the literature can be explained by phenomena such as p-hacking and publication 

bias, or if they signify real evidentiary value (Simonsohn, Leif, and Simmons 2014). We use 

an improved version of the p-curve analysis that is more robust to errors and certain kinds of 

p-hacking (Simonsohn, Simmons and Leif 2015). 

 

Moderators 

Considering the characteristics of the studies, we selected five possible moderators 

that could influence the results since they are all related to methodological aspects or 

participants’ characteristics: duration of the intervention, academic area of the study 

context, design of the study, grade of the participants and the outcomes under study. 
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Outcomes were divided into knowledge, which involves the measurement of the acquired 

knowledge level, and complex skills, which can never be fully automated and rely 

on/encompass knowledge available in long-term memory. Table 1 represents the 

moderators characteristics: name, description, type and values. 

 

Table 1 
Moderators characteristics 

Name Description Type Values 

Duration Duration of 
the 

intervention 

Dichotomous 
variable 

Short (less than one month) 

Long (more than one month) 

Area Academic area 
in which the 
study was 
conducted 

Categorical 
variable 

The studies were categorized based on 
Fan and Chen’s (2001) characterization 
for academic areas: Math/quantitative 

Reading/language arts 

Science 

Social studies 

Other (e.g. music) 

Unspecified 

Design Design of the 
study Categorical 

variable 

Experimental 

Quasi-Experimental 

Non-Experimental 

Grade Grade of the 
participants 

Dichotomous 
variable 

Higher Education 

High School 

Outcome Dependent 
variable 

Dichotomous 
variable 

Knowledge 

Complex Skills 

 
 

Results 

 Table 2 presents the synthesis of the 12 selected studies. Columns EG and CG 

represent the number of subjects in experimental and control groups, respectively. For the 
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studies that had one single group, only the N column was fulfilled with the total number of 

participants. The Group column synthesizes the treatment applied into experimental groups 

versus control groups and the procedures to non-experimental groups. 
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Table 2 

Characteristics of the selected studies 

Study EG CG N Age Duration Type Area Country Group Design Grade Outcome d 

Flores 
(2011) 

16 19 35 16 1 day 
PhD 

thesis 
Math USA 

EG: adaptative 
tutorial 

designed with 
4C/ID 

CG: non-
adaptative 

tutorial 

Quasi-
experimenta

l 

High 
School 

Performance 
(Problem 
Solving 
skills) 

F =1.16 

 

d = 0.376 

Kolcu, 
Öztürkçü 
and Kaki 
(2020) 

- - 26 25 21 days Paper Dentists Turkey 

Participants 
learned 

endodontics 
procedures in a 

distance 
education 

program based 
on 4C/ID 

Non-
experimenta

l (single 
group with 
pre-test and 

post-test) 

Higher 
education 

Performance 
(psychomoto

r skills) 

t-test = 5.97 

 

d = 1.26 

Lim and 
Park 
(2012) 

12 10 22 30 1 semester 
Confer
ence 
paper 

Computer 
Science 

USA 

EG: Whole 
task – 

(instruction 
was designed 
based on the 

4C/ID model) 

CG: Part task 

Quasi-
experimenta

l 

Higher 
education 

Performance 
(knowledge 

test: 
preparing a 
grade test 
using the 

data 
provided) 

t (20) = 
2.28) 

 

d = 0.976 
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Lim, 
Reiser and 
Olina 
(2009) 

25 26 51 21 

1 day 

(2 x 60 
min) 

Paper 
Computer 
Science 

USA 

EG: Whole 
task – 

(instruction 
was designed 
based on the 

4C/ID model) 

CG: Part task 
(traditional 

instructions) 

Quasi-
experimenta

l 

Higher 
education 

Performance 

(complex 
skills) 

EG: 30.9 
(4.36) 

CG: 24.6 
(6.67) 

 

F (1, 47) = 
15.87 

 

d = 1.114 

Martínez-
Mediano 
and 
Losada 
(2017) 

20 20 40 18-20 1 semester Paper 
Engineering 

(Physics) 
Bulgaria 

EG: Used a 
platform with 

a system based 
on 4C/ID 

CG: 
Traditional 
classroom 

environment 

 

Quasi-
experimenta

l 

Higher 
education 

Performance 

knowledge 

EG: 
4.59(0.96) 

CG: 
3.58(1.1) 

 

d = 0.983 

Melo and 
Miranda 
(2015) 

78 51 129 14 

2 weeks 

(90 
min/week) 

Paper Physics Portugal 

EG: Took 
classes based 

on 4C/ID 

CG: Took 
classes based 
on expository 

teaching 

 

Quasi-
experimenta

l 

High 
School 

Performance 
(transfer test) 

EG: 
11.2(1.9) 

CG: 
8.8(2.6) 

 

d = 1.09 
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Melo and 
Miranda 
(2014) 

81 50 131 14 

2 weeks 

(90 
min/week) 

Confer
ence 
Paper 

Physics Portugal 

EG: Took 
classes based 

on 4C/ID 

CG: Took 
classes based 
on expository 

teaching 

 

Quasi-
experimenta

l 

High 
School 

Performance 
(transfer test) 

EG: 0,55 
(0,87) 

CG: -0,42 
(1,01) 

 

d = 1.48 

Peng, 
Wang and 
Sampson 
(2017) 

- - 29 

3-
year 

colleg
e 

stude
nts 

5 weeks 
Confer
ence 
Paper 

Computer 
Science 

China 

Participants 
learned 

computer 
programming 

through a 
system based 

on 4C/ID 

Non-
experimenta

l (single 
group with 
pre-test and 

post-test) 

Higher 
education 

Performance 

(knowledge 
test) 

Pre-test: 
46.34(17.29

) 

Post-test: 

53.31(15.38
) 

 

d = 0.43 

Rosenberg
-Kima 
(2012) 

31 33 64 21 
1 day (105 

min) 
PhD 

thesis 
Computer 
Science 

USA 

EG: Learned 
with task-
centered 

instructions 
(4C/ID) 

CG: Learned 
with topic-
centered 

instructions 
(traditional) 

Non-
experimenta

l (single 
group with 
pre-test and 

post-test) 

Higher 
education 

Performance 
(skill-

development) 

EG: 8.96(2) 

CG: 
7.51(2.87) 

 

F(1,63) = 
5.442 

 

d = 0.58 
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Sarfo and 
Elen 

(2007) 
41 41 82 18 6 x 90 min Paper Engineering Ghana 

EG: 4C/ID 
learning 

environment 
without ICT 

CG: traditional 
method 

Quasi-
experimenta

l 

High 
School 

Performance 

EG: 
8.84(3.12) 

CG: 
5,44(3.46) 

 

d = 1.03 

van Es and 
Jeuring 
(2017) 

75 55 129 9-12 
3-5 weeks 
(5 lessons) 

Confer
ence 
Paper 

Computer 
Science 

(programming
) 

Netherlan
ds 

EG: Learned 
through 4C/ID 

instruction 

CG: Learned 
through 

constructionis
m instruction 

Quasi-
experimenta

l 

Elementar
y School 

Performance 
(programmin

g skills) 

t (128) = 
1.123 

 

d = 0.019 

Zhao, 
Wang and 

Yin 
(2017) 

80 80 160 N/A 1 year 
Confer
ence 
Paper 

Health 
(Nursing) 

China 

EG: Operating 
Room Nurse 
training with 

4C/ID 

CG: Operating 
Room Nurse 
training with 
conventional 

training 

Quasi-
experimenta

l 

Higher 
education 

Performance 

(knowledge 
test) 

Chi-Square 
= 5.0 

 

d = 0.34 
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From Table 2 we verify that all studies lasted between a day and a year. This leads us to 

consider that the effect of the 4C/ID model has in most cases been measured with short 

experiences and that longer ones may have a greater impact on student learning.  However, 

it is not clear whether the previous studies' duration refers to the experience as a whole or 

just the time devoted to the task. Since this data is relevant for analysis, it would be important 

for studies to distinguish both types. 

The studies were conducted in three distinct grades: elementary school (van Es and 

Jeuring 2017), high school (Flores 2011; Melo and Miranda 2015, 2014; Sarfo and Elen 

2007) and higher education (Kolcu et al. 2020, Lim and Park 2012; Lim et al. 2009; Martínez-

Mediano and Losada 2017; Peng et al. 2017;  Rosenberg-Kima 2012). There were also some 

differences in the number of subjects in each study. Zhao et al. (2017) have the bigger sample. 

They conducted their study with 160 students. On the other hand, Lim and Park (2012) only 

had a sample of 22 students. Since the process of meta-analysis considers the number of 

participants in calculating the effect sizes, those differences were considered in the results. 

From Table 2 we also verify that the studies were conducted in distinct domains. 

Mostly in Computer Science (Lim and Park 2012; Lim et al. 2009; Peng et al. 2017; 

Rosenberg-Kima 2012; van Es and Jeuring 2017), but also in Physics (Melo and Miranda 

2015, 2014), Math (Flores 2011), Engineering (Martínez-Mediano and Losada 2017, Sarfo 

and Elen 2007) and Health (Kolcu et al. 2020, Zhao et al. 2017). In the next section 

(Sensitivity Analysis section), we study whether these differences influence the effect size. 

 More than half of the studies were conducted with young adults in a higher education 

environment. The remaining worked with youth and children. All studies used tests to 

quantify the performance of the subjects. However, the dependent variable, or outcome, is 

presented as skills acquisition (both complex and procedural) or knowledge. Since 4C/ID 
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were mostly created for learning complex skills, in the Sensitivity Analysis section we will 

analyze whether these differences on the outcome under study will bias the effect size. 

 We also verify some differences in the design of each study which must be further 

analyzed by a sensitivity analysis (see next section). The studies were conducted under a 

quasi-experimental design (Flores 2011; Lim and Park 2012; Lim et al. 2009; Martínez-

Mediano and Losada 2017; Melo and Miranda 2015, 2014; Sarfo and Elen 2007; van Es and 

Jeuring 2017; Zhao et al. 2017) or a non-experimental design (Kolcu et al. 2020; Peng et al. 

2017; Rosenberg-Kima 2012). 

 In Table 3 we present the effect size of the 12 selected studies, their confidence 

interval (95%) and their weight in meta-analysis. 

Table 3 
Effect sizes of the 12 studies 
 

 d            95%-CI        %W(random) 

Flores (2011)                     0.4100  [-0.2368; 1.0568]                 6.9 

Kolcu et al. (2020)               1.2600  [ 0.6720; 1.8480]                 7.5 

Lim and Park (2012)                 0.9800  [ 0.1176; 1.8424]                 5.2 

Lim et al. (2009) 1.1100  [ 0.5220; 1.6980]                 7.5 

Martinez-Mediado and Losada (2017) 0.9900  [ 0.3432; 1.6368]                 6.9 

Melo and Miranda (2015) 1.0900  [ 0.7176; 1.4624]                 9.6 

Melo and Miranda (2014) 1.4800  [ 1.0880; 1.8720]                 9.4 

Peng et al. (2017) 0.4300  [-0.0796; 0.9396]                 8.2 

Rosenberg-Kima (2012) 0.5800  [ 0.2272; 0.9328]                 9.8 

Sarfo and Elen (2007)               1.0300  [ 0.5792; 1.4808]                 8.8 

van Es and Jeuring (2017)           0.0200 [-0.3132; 0.3532]               10.0 

Zhao et al. (2017)                0.3400  [ 0.0264; 0.6536]               10.2 

 
 

Table 3 and Figure 3 present the effect size of the selected studies. These results 

suggest a high effect of the use of 4C/ID model on knowledge acquisition (d = 0.79 [0.50 ; 
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1.08] which, according to Coe (2002) we can expect that between 76% and 79% of the 

subjects of the experimental group will perform better than the average of the control group. 

 

 

Figure 3. Forest plot with the selected studies. 

However, the heterogeneity test revealed a high degree of heterogeneity (I2 = 78.6% 

[63.1% ; 87.6%] ; Q = 51.32 ; p < 0.0001) which means that the moderators may have had 

some effect (Borenstein et al. 2009). 

 

Sensitivity Analysis 

We tested each moderator to check whether they are related to effect size differences 

(Borenstein et al. 2009). To achieve this goal, we checked the statistical significance of each 

moderator performing a t-test on β-weight of each moderator (Harrer, Cuijpers, Furukawa 

and Ebert 2019). 

To ensure that our meta-regression was robust, we performed an intercorrelation 

matrix between the moderators to check for high correlations (Table 4). 
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Table 4 

Intercorrelation matrix with the moderators. 

 duration area design grade outcome 

duration 1.00000000 0.1807016   0.09759001   0.6390644   0.2390457 

area 0.1807016   1.00000000 0.00000000   0.2245444   0.4724556 

design 0.09759001 0.00000000   1.00000000 -0.2425356   0.4082483 

grade 0.63906444 0.2245444   -0.2425356   1.00000000 -0.2970443 

outcome 0.23904572 0.4724556 0.4082483 -0.2970443 1.00000000 

 

As we can see in Figure 4, Duration and Grade moderators are highly correlated. 

Since the correlation is significant and does not show the presence of a latent variable, we 

decided to exclude the duration of the intervention (Harrer et al. 2019) since in most of the 

12 studies it is not possible to distinguish the time and frequency, which may lead to 

erroneous conclusions. 

 

Figure 4. Intercorrelation between moderators 
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The moderator Area, in which studies were conducted, did not have a significant 

influence on the effect size (p > 0.05). The moderator Outcome was also not statistically 

significant (p > 0.05), suggesting that 4C/ID is suitable for both knowledge and skills (both 

complex and procedural) development. Also, the Design of the study did not demonstrate 

any evidence of significant influence on the effect size (p > 0.05).  

On the other hand, the moderator Grade (p < 0.05) was statistically significant 

explaining, respectively, 76.22% of the heterogeneity. To assess the fit of our model, we 

performed a permutation test for the significant moderator. This test allows us to understand 

if we captured a real pattern in our analysis by re-calculating the p-values of the meta-

regression (Harrer et al. 2019). The permutation test was significant (p < 0.05) suggesting 

that the grade of the participants indeed influences the effect size of the studies. The full 

results of the meta-regression and the permutation test are available in supportive 

information. 

 

Discussion 

Our study aimed to understand the effects of educational programs developed with 

the 4C/ID model on student performance. 

Looking at the forest plot of Figure 3 and at Table 3, we can observe that there is a 

set of studies that reveal their effect sizes higher than the average value (Kolcu et al. 2020; 

Lim and Park 2012; Lim et al. 2009; Martinez-Mediano and Losada 2017; Melo and Miranda 

2015, 2014; Sarfo and Elen 2007). We found that in this set of studies the effect of using 

educational programs developed with the 4C/ID model produced more pronounced effects 

on the participants’ performance. How can we explain this difference?   

From the sensitivity analysis, we conclude that the divergence in the studies were due 

to the academic area in which the study was conducted, the design and the outcome under 
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study explained only a low percentage of the heterogeneity. This means that they have a 

nonsignificant influence on the effect size, indicating that the 4C/ID model might be helpful 

for developing educational programs that have positive effects on both knowledge and 

complex skills in a vast set of academic areas. The difference between knowledge and skills 

and their integration in a competent action, proposed by the 4C/ID model, has its origins in 

the history of psychology. The cognitive psychology of information processing established 

the difference between declarative knowledge and procedural knowledge (cf. Anderson 

1983), the former associated with semantic memory and the latter with procedural memory. 

Hence it can be concluded that a model like 4C/ID, which aims to answer the problem of 

integrating knowledge and complex skills in a given domain, could not fail to consider these 

two dimensions. Furthermore, it is this integration that facilitates the transfer of learning. 

We also verified that the selected studies present a correlation between their duration 

and the grade of subjects. However, since the studies were not detailed enough about the 

description of the duration of the intervention and the whole duration of the study, we could 

not be more comprehensive in the analysis. This limitation of our meta-analysis leads us to 

consider that studies in this area may be more accurate on the duration variable. In future 

work, an in-depth analysis on the effect of the duration of the intervention with 4C/ID should 

answer this issue. 

Analysing each of the studies, we also found that in all, except Martínez-Mediano and 

Losada (2017) study, the researchers used validated instruments to evaluate the students' 

performances and, thus presented reliable measures. In the study reported by Martínez-

Mediano and Losada (2017) there is no reference of procedures for determining the reliability 

of the knowledge assessment test. However, as several experimental and control groups were 

set up over time in two semesters, it can be inferred that the researchers may have been careful 
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and done some analysis of the reliability of the questionnaire used in the performance 

evaluation. 

The meta-analysis also evidences that the grade of the subjects has a significant 

influence on the effect size, having more powerful values in higher education than in lower 

grades. That is the reason that explains most of the heterogeneity in this selection. This was 

the case in the study reported by the van Es and Jeuring (2017), that had presented the lower 

effect size. This study was conducted in two different elementary schools and therefore with 

a different curricular organization, which may explain the magnitude of effect close to zero. 

These results are in line with van Merriënboer’s work (2019) in which he argues that the 

4C/ID model is more suitable for designing instruction for professional learning. But these 

results also lead us to raise two questions: are the lessons learned at these education levels 

less complex than those of certain professional activities, if we take into account the 

children's level of development? Or is it that the model is not suitable for these learnings and 

should be adapted? Learning to read, to write, to calculate and to think logically are complex 

learning and demand the integration of knowledge, attitudes and complex skills. They take 

time and a lot of training. Therefore, we are led to think that perhaps the lack of significant 

results of the aforementioned study are due to the non-adaptation of the model to these levels 

of education. But these questions will only be fully answered with further research. 

 

Conclusion 

The use of the 4C/ID model has been increasing in several areas, contributing to the 

enhancement of online (e.g. Frerejean et al. 2019; Sluijsmans, Prins and Martens 2006) and 

face-to-face learning environments (e.g. Costa 2019; Deep, Murthy and Bhat 2020). Despite 

not having met the inclusion criteria mostly due to not having published data on performance 

effects related to the use of the whole model, there has been high quality research that focuses 
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on this model in several domains of activity such as health and medical education (e.g. 

Maggio, Cate, Irby, and O’Brien 2015; Tjiam, Schout, Hendrikx, Scherpbier, Witjes, and 

Van Merriënboer 2012), information-problem solving (e.g. Wopereis, Frerejean, and Brand‐

Gruwel 2015), application in higher educational programs (e.g. Frerejean et al. 2019) or even 

to study other possible related variables such as socio-economic status (e.g Costa and 

Miranda 2019) or socio-demographic factors (e.g. Posta and White 2017). 

For future work, developing longer-term studies that use the complete model in 

learning environments in upper secondary, vocational and higher education students should 

be researched. This meta-analysis suggests that educational programs developed with the 

4C/ID model help to develop educational programs that have a significant impact on student 

performance in several academic domains and it should be more widely used in universities 

for learning complex skills. 

More robust methodologies will also be required, especially quasi-experimental 

designs with pre/post-test measures and experimental/control groups. The presence of 

measures that allow the calculation of the effect size will allow this meta-analysis to become 

more robust. Another important point is that researchers should be careful to use valid and 

reliable measuring instruments. On working these aspects, it will become possible to gather 

more detailed evidence on how specific design guidelines of the 4C/ID model contribute to 

the improvement of complex learning. 
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