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ABSTRACT

CDIO programs have tenets of self-directed learning and often use either problem or project
based learning. The assessment questions usually model real world engineering scenarios using
fairly complex questions which are located in the ‘zone of proximal development’ (ZPD) of the
students. The efficacy of the CDIO approach is reported in many studies and the approach is
emerging as an accepted best practice in the field of engineering education. However, the
consequence of the CDIO pedagogical approach on the cognitive load induced in students is not
understood. This study therefore aimed to ascertain the amount of cognitive load induced due to
the central tenets of the CDIO approach namely, complex questions, zone of proximal
development and self-directed learning. The study follows a quantitative research design and a
positivist philosophy using a deductive research approach using a cross sectional questionnaire
survey and non-probability sampling. Structural equation modelling was performed using IBM
SPSS AMOS v25 while descriptive and reliability analysis were done using SPSS v25. The
findings show that the use of complex questions yields significant levels of cognitive load and
locating the questions in the zone of proximal development of students also induces some
amount of cognitive load. Self-directed learning on the other hand does not subject students to
significant levels of cognitive load. Several studies have established the detrimental impact of
high levels of cognitive loading on learning. The findings therefore suggest that it is necessary
and important to monitor and manage the levels of cognitive loading induced by the CDIO
approach so that it does not begin to interfere with the learning process. Specifically, the
complexity of the assessment problems used should be carefully planned to be appropriate to the
knowledge level of the students and not located outside the zone of proximal development of the
students.

KEYWORDS
Structural Equation Modelling, Cognitive Loading, Complex Questions, Zone of Proximal
Development, Self-Directed Learning.

INTRODUCTION

The CDIO (Conceiving-Designing-Implementing-Operating) pedagogical approach which
models real world products, processes and systems while teaching engineering education is
becoming an accepted best practice in engineering education (CDIO, 2017). It is an innovative
educational system characterized by a cycle modelled on the real world engineering practice of
delivering engineering solutions firstly by being able to conceive the engineering solution by
defining customer needs and considering all relevant aspects incidental to the conception of the
solution; secondly by being able to design the appropriate solution and thirdly by being able to
implement the design by transforming it into a product and finally being able to operate the
product to achieve the intended value (CDIO, 2004). It is mainly delivered through a student
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centred approach hinged on active learning with an integrated curriculum delivered through
problem based learning (Ibid). Students are encouraged to engage in the practice of engineering
through problem solving and design exercises.

The CDIO approach offers many advantages to engineering education. Zeng, Juanping & Wang
(2015) reported improved student project ability while Rouvrais & Landrac (2012) reported
improved program quality and ability to meet accreditation standards at Telecom Bretagne,
Institut Mines-Telecom; Université européenne de Bretagne in France after they chose to use
CDIO standards for improvement. Telecom Bretagne uses an integrated curriculum focused on
developing competences and personal and professional skills. This is achieved through a
student centered approach delivered through project based learning (Project-BL) and an active
pedagogy. The projects are linked to complex pluridisciplinary system (Rouvrais & Landrac,
2012).

The student centered approach with active learning implicit in the CDIO programs encourages
students to engage in self-directed learning. This makes the CDIO approach very relevant to
the current circumstances where there is an explosion of knowledge due to advances in
technology. Modelling the assessment projects on real world scenarios which are complex and
multi-disciplinary often makes the questions complex. Questions may be classified as complex
when their answers need to be collated from information scattered in many different documents
(Chali, Hasan and Mojahid, 2015) or from different bodies of knowledge in different disciplines.

Effectively, complex questions in a real world situation locate the learning tasks of the CDIO
programs in the Zone of Proximal Development (ZPD) of the students. This is ideal for learning
and is supported by several research findings. However, based on the cognitive load theory,
complex learning tasks located in the ZPD are likely to overload the working memory limits
and induce relatively high levels of cognitive load.

The relationship between complex questions and cognitive loading has been widely researched
and it is accepted that complex questions induce high levels of cognitive load. However, the
relationships among ZPD, SDL and cognitive loading are hardly understood especially when
considered in relation to complex questions. Therefore, this study investigates the relationships
among the four constructs of Complex Questions, ZPD, SDL and Cognitive Loading to
ascertain the amount of cognitive load induced by each of the three aspects of a CDIO program.
The relationships among the four constructs have implications for the CDIO approach since the
approach strongly exhibits aspects of ZPD, SDL and uses fairly complex questions in a real
world setting. These aspects of the CDIO approach make it predisposed to inducing relatively
large amounts of cognitive loading in students.

LITERATURE REVIEW
Cognitive Loading

Cognitive loading is the mental load on working memory expended in executing cognitive
functions such as perceiving, thinking and learning among others. Because working memory has
a very limited capacity, it tends to get overloaded and overwhelmed when its limits are stretched.
Instructional approaches which induce lower levels of cognitive load result in better learning
outcomes for students while those which ignore the limits of working memory often inhibit
learning (Kirshner, 2002; Van Gerven et al., 1994; Tasir & Pim, 1994). Therefore, lower levels
of cognitive loading induced in students will work to yield more effective learning than when
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the memory limits of students are ignored and the cognitive load is left to exceed the memory
limit. This is based on the cognitive load theory (CLT) which posits that since working memory
has a very limited capacity, it can be easily overloaded with activities that impede rather than
aid learning and subsequently, effective learning happens when the cognitive load in working
memory is directed towards construction and automation of relevant schemata (Sweller, 2002;
Pollock et al., 2002; Sweller et al., 1998). Scheiter et al., (2009) found that students with lower
levels of cognitive load exhibited better problem-solving performance.

Cognitive loading is an important consideration in educational practice since learning will
hardly take place if the limits of working memory are ignored (Sweller et al., 1998; Van Gerven
et al., 2002). Pedagogies which ignore cognitive loading are unlikely to achieve maximum
efficiency in learning since the working memory capacity of students is likely to be exceeded
(Bannert, 2002; Sweller, G., van Merrienboer, & Paas, 1998).

Zone of Proximal Development

The Zone of Proximal Development (ZPD) is ‘the distance between the actual developmental
level as determined by independent problem solving and the level of potential development as
determined through problem solving under adult guidance or in collaboration with more capable
peers’ (Vygotsky, 1978: 86 cited in Berkiryazicic, 2015). Learning consist of challenging
students to perform tasks located in the ZPD and providing assistance in performing the task
until the students are able to perform the task on their own and subsequently the students
continually increase the range of tasks they can perform on their own (Naeini, 2014; Shooshtari
& Mir, 2014).

Challenging students with tasks in the ZPD ensures that students are cognitively challenged to
broaden the range of tasks they can confidently perform without supervision. The change in the
range of tasks which students can perform quintessentially defines cognitive development and
so learning.

Self-Directed Learning

Self-directed learning (SDL) is a strong predictor of and enhances academic performance and
learning (Alharbi, 2017; Alotaibi, 2016; Lee, Yeung, & Ip, 2017) and can improve quality of
life (Din, Haron, & Rashid, 2016). Its importance has been argued in many studies (Alharbi,
2017; Alotaibi, 2016; Din et al., 2016; Lee et al., 2017; Louws, Meirink, van Veen, & van Driel,
2017; Nasri, 2017; Rashid & Asghar, 2016; Slater & Cusick, 2017; Zhoc & Chen, 2016). SDL
is becoming increasingly important in the current era of knowledge explosion. The knowledge
explosion being experienced due to rapid developments in technology and information and
telecommunications is placing a huge burden on both lecturers and students to stay abreast the
huge volume of knowledge and its application being constantly generated (Alotaibi, 2016; Zhoc
& Chen, 2016). Consequently, it is becoming increasingly difficult for lecturers to teach all the
disciplinary knowledge to students and for students to learn in class. Subsequently, SDL is
becoming a critical avenue through which the gap between what can be taught and learnt in
class and what ultimately needs to be learnt can be bridged (Alotaibi, 2016).

Self-directed learning (SDL) refers to the ability for students to engage in independent learning
activities without any explicit direction from anyone (Alharbi, 2017; Din et al., 2016). It
involves students identifying their own learning needs including identifying learning needs,
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setting learning goals, identifying appropriate learning resources, choosing and applying
appropriate learning strategies and evaluating learning outcomes (Alharbi, 2017; Din et al.,
2016).

Cognitive Loading in Minimally Guided Pedagogies

Kirschner, Sweller, and Clark (2006) classified problem and project based learning approaches

(which is favored in CDIO programs) as minimally guided pedagogical approaches and argued

that they are less effective than instructional approaches which are more strongly guided.

Kirschner, Sweller, and Clark (2006: 75) argued that minimally guided approaches:
“ignore both the structures that constitute human cognitive architecture and evidence
from empirical studies over the past half-century that consistently indicate that
minimally guided instruction is less effective and less efficient than instructional
approaches that place a strong emphasis on guidance of the student learning process.
The advantage of guidance begins to recede only when learners have sufficiently high
prior knowledge to provide ‘internal’ guidance.”

Fundamentally, Kirshner, Sweller, and Clark argue against the use of problem or project based
learning in students with little prior subject knowledge due to the resulting levels of cognitive
loading. Proponents of the CLT argue against instructional approaches which require some
level of complex reasoning from students in the absence of adequate subject prior knowledge
which is often the case in problem and project based learning (Amadieu, van Gog, Paas, Tricot,
& Mariné, 2009; Ayres, 2006; Kirschner, 2002; Paas & van Gog, 2006). Problem or project
based learning is one of the central tenets of the CDIO approach throughout the program.
Therefore, Kirshner et al. and others essentially argue against the use of the CDIO approach
until students have acquired sufficient subject prior knowledge. The argument by Kirshner,
Sweller, and Clark and others led to the research hypotheses and conceptual framework.

HYPOTHESIS DEVELOPMENT AND CONCEPTUAL FRAMEWORK

Complex questions and Cognitive loading

The use of complex questions modelling real world problems implicit in the CDIO approach
when students have not yet mastered the subject knowledge makes CDIO predisposed to
relatively high levels of cognitive loading. This conception supported by findings from other
studies led to the first research hypothesis which can be stated as:

Hi: There is a positive relationship between complex questions (CQue) and cognitive loading

(CgLd)

ZPD and Cognitive loading

Assessment tasks located in the ZPD of students will also induce cognitive loading but much
less than that induced by complex questions. This is because tasks which are located in the ZPD
can be resolved with help from a more experienced person while complex tasks may in fact be
located outside the ZPD. Therefore, the second research hypothesis can be stated as:

H>: There is a positive relationship between ZPD and cognitive loading (CgLd)

SDL and Cognitive loading

SDL is not expected to induce cognitive loading since the pace and amount of work engaged in
through SDL is controlled by the student. Therefore, it is unlikely that the cognitive load would
exceed the limits of the students since cognitive load induces stress and students will naturally
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limit the amount of stress they will expose themselves to voluntarily. This conception led to the
third hypothesis which can be sated as:
Has: There is no statistically significant relationship between SDL and cognitive loading (CgLd)

Complex questions and ZPD

Solving complex questions require the collation of information found in different sources and
often from different bodies of knowledge. This means that students often fail to solve the
problems unless with guidance. Therefore, complex questions are located in the ZPD of student.
This led to the hypothesis that:

Ha: There is a positive relationship between complex questions (CQue) and the ZPD.

SDL and ZPD

Learning consists of students increasing the range of tasks which they can perform without
guidance from a more knowledgeable person. Essentially, it consists of converting some of the
ZPD into what can be done without help. Therefore, even when students engage in SDL, rather
than attempt to solve problems which they can handle on their own, they work on problems
which are in the ZPD. This led to the hypothesis that:

Hs: There is a positive relationship between SDL and ZPD.

SDL and Complex questions

When engaging in SDL, students are expected to attempt questions located in the ZPD.
Considering that complex questions are expected to be located in the ZPD, it should also be
expected that SDL will lead students to attempt complex questions. Therefore, it may be
hypothesized that:

He: That there is a positive relationship between SDL and complex questions (CQue)

Following from the proposed hypotheses, the proposed conceptual model can be presented as
follows:

Figure 1: Conceptual Model

METHODOLOGY

Research design

A quantitative research design with a positivist philosophy and a deductive research approach
were used because the study sought to test hypothesized relationships among the study variables
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to which the quantitative design, a positivist philosophy and a deductive approach are all well
suited. The favored data collection method was a cross sectional questionnaire survey due to the
objectivity and low cost associated with its use compared to other methods of data collection.
Non probability sampling was used for convenience and economy.

Operationalization

The scales in the questionnaire were developed based on the operational definition of the study
constructs. Cognitive loading was operationalized mainly as the extent to which students are
overwhelmed by the amount of assigned work and the extent to which they are expected to
remember too much information which was complex, difficult and confusing to understand. This
conception is shared by others (Colak & Kaya, 2014; Hadie and Yusoff, 2016) and is also
supported by the findings which show that high levels of cognitive loading lead to students being
overwhelmed (Scheiter et al., 2009; Colak & Kaya, 2014). The concept of complex questions
was operationalized by extent to which students were given assessment problems which were
difficult to understand, hand no defined solution and required combining information from
different subject areas and sources. Zone of proximal development (ZPD) was operationalized
as the extent to which students were presented with problems which were beyond what they
could comfortably solve without further guidance. Self-directed learning was operationalized by
the extent to which the students were expected to engage in learning activities on their own and
without further guidance.

The questionnaire, along with the entire study, were reviewed by the university research ethics
committee and approved. The instrument was anchored on a 5 point Likert scale with 5=almost
never; 4=often; 3=sometimes; 2=seldom; and 1=almost never.

Data collection procedure

The target population for the study were students undertaking construction studies at public
universities in South Africa. Three public universities in the KwaZulu-Natal province were
conveniently selected for the study. All students present in class at the time of the data collection
were included in the sample. The questionnaires were circulated to students at the start of
lectures. Arrangements were made with respective lecturers responsible for different classes to
allow 30 minutes at the start of their lectures to administer the questionnaires. Students were
requested to fill in the questionnaire after explaining to them the details of the study and the
instructions for filling in the form. The students were informed of their right to not participate in
the study and to withdraw at any time for any reason. The students were also assured of both
confidentiality and anonymity if they chose to participate. The students were not informed
beforehand that a questionnaire would be circulated and so attendance was not influenced by the
study. Therefore, absconding students were purely random and it can be concluded that the
available sample of students was representative of the population of interest. A sample of 273
students studying towards bachelor’s degrees in either Construction Management, Quantity
Surveying or Property Studies at three public universities in the province of KwaZulu-Natal, in
South Africa was obtained.

RESULTS

Table | shows the profile of the respondents. The table shows that more than half of the students
are either in the third or fourth year of study indicating that the majority of the respondents have
sufficient experience and knowledge about the university experience. While second year
students account for a small percentage of the respondents, they are equally sufficiently
experienced and knowledgeable about the university experience. First year students on the other
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hand, who account for less than a third of the respondents, are also fairly knowledgeable about
the university experience since the data were collected towards the end of the academic year.

Table 1. Sample Demographic Statistics

Year of Study Frequency Percentage
1 71 26.0%

2 30 11.0%

3 61 22.3%

4 111 40.7%
Total 273 100%
Gender Frequency Percentage
Male 158 57.9%
Female 115 42.1%
Total 273 100%
Program of Study Frequency Percentage
Construction 128 46.9%
Management

Quantity Surveying 93 34.1%
Property Studies 52 19.1%
Total 273 100%

The gender distribution of the respondents is a very fair representation of the general gender
distribution at the sampled universities. Most of the respondents were pursuing the construction
management program with the program of property studies contributing less than a third of the
respondents. Construction management and quantity surveying were offered at both the
sampled universities while property studies was offered only at one of the universities which is
why the number of respondents pursuing property studies is relatively lower.

Measurement Model Assessment

Prior to assessing the structural relationships among the constructs, the measurement model
was first assessed for model fitness. This two-step approach was suggested by Anderson and
Gerbing (1998). All the constructs were displayed as linked first order factors. In assessing the
measurement model, AMOS 25 statistical software was used. Table 1l shows the results of the
measurement model and also the reliability and validity statistics of the measurement
instrument. Reliability was assessed using Cronbach’s alpha, item-to-total correlation and
Composite Reliability (CR) while validity was assessed using Average Variance Extracted
(AVE). For discriminant validity to exists, the square root of the AVE should be less than the
shared variance (inter correlation) between the two constructs (Fornell and Larcker, 1981).
Cronbach’s alpha for all constructs ranged between 0.731 and 0.899 which exceeded the
recommendation of 0.70 by Byrne (2006). Item-to-total correlations ranged between 0.525 and
0.820 which exceeded the recommendation of 0.50. Hulland (1999) recommended a threshold
of 0.60 for CR. However, two constructs had CR slightly less than the recommended 0.60 while
the other two had CR values greater than 0.70. Therefore, overall, the study constructs had a
marginally acceptable CR. Fornell and Larcker (1981) recommend AVE values to be greater
than 0.50. However, two of the constructs had AVE values less than 0.50 while the other two
had values greater than 0.50 indicating a marginally acceptable AVE for the constructs.
Evidence of discriminant validity can be seen in Table I11 which shows the square root of the
AVE in the diagonal and the inter-construct correlation in the remainder of the table.
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Table Il. Measurement Model Assessment

Cronbach’s
Research Constructs Mean Test C.R.|AVE 'tef”
Item-| @ Loadings
total | Value
CogLd1 |l was overwhelmed with the amount of 0.587 0.501
information | was expected to remember '
CogLd2 |l was given too much information during 0.666
0.645
the lectures
CogLd3 |The information | was given during 0.606
lectures was confusing 3.254 0.837 |0.614|0.468| 0.820
CogLd4 |The information | was given in class was 0.646 0.834
complicated and difficult to understand '
CogLd5 |l was overwhelmed with the amount of 0.611 0.553
work | had to do '
CQuel |l was given assignments and tests which 0.641 0.679
were difficult to understand and solve '
CQue2 |l was given problems which did not have 0.791 0.859
enough information for me to solve them '
CQue3 |l was required to solve questions which 0.820
were not clear as to what | was expected 0.878
to do 2.924 0.899 |0.792|0.605
CQue4 |l was given questions which could be 0.604
. . 0.626
interpreted in more than one way
CQue5 |l was given problems which were not easy 0.783
0.817
to understand clearly
CQueb6 |l was given questions which were not 0.721 0.774
expressed clearly '
ZPD1 |l found tests and assignments to be very 0.511
) 0.513
challenging
ZPD2 |l was given work which was beyond what 0.538
0.634
| could manage to do on my own
ZPD3 |l was given work which required further 0.562
guidance from the lecturers in order to 3.275 0.73110.513/0.393 0.720
complete it
ZPD4 |l was given work which required 0.473
consulting with more knowledgeable 0.624
people in order to do it well
SDL1 |l was required to find additional 0.660
: ) 0.800
knowledge and information on my own
SDL2 |l was given work which required me to 0.716 0.814
learn new concepts on my own 3.917 0.808 |0.717|0.544| ™
SDL3 |l was expected to expand on what was 0.681
; 0.777
taught in class on my own
SDL4 |l was required to learn on my own 0.471 0.518

All the inter-construct correlations are less than the square root of the AVE indicating good
discriminant validity. Further, all the inter-construct correlations are less than 0.80 suggesting
that there is no multi-collinearity. The factor loadings ranged between 0.501 and 0.859 and so
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all the factor loadings meet the minimum threshold of 0.50 recommended by Anderson &
Gerbing (1998).

Table I11. Inter-construct Correlations and Discriminant Validity

COMPQ COGLD ZPD SDL

COMPQ 0.778

COGLD 0.519"  0.652

ZPD 0.296™  0.353"  0.627

SDL 0.090 0.148" 0.247"  0.738

**_Correlation is significant at the 0.01 level (2-

tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

The measurement model was assessed for fitness with thresholds as suggested by Bentler
(1990), Browne and Cudeck (1993) and Marsh et al. (1996). The measurement model fit indices
are shown in Table IV. Two of the fit indices namely the NFI and the TLI fell outside the
minimum acceptable threshold. However, this does not necessarily indicate an implausible fit
of the primary data structure but perhaps a rather marginally acceptable model structure of the
primary data. Therefore, the model was provisionally accepted since it had a moderately close
fit to the observed data.

Table IV. Measurement Model Fit Summary
Model Fit Index Acceptable Study Met/Not
Threshold Threshold Met
Chi-Square value: X/df <3 2.519 Met
Comparative Fit Index >0.900 0.900 Met
(CFI)
Incremental Fit Index >0.900 0.903 Met
(IF1)
Normed Fit Index (NFI)  >0.900 0.848 Not met
Tucker Lewis Index >0.900 0.867 Not met
(TLI)
Random Measures of <0.080 0.075 Met

Sample Error
Approximation
(RMSEA)

Results of the Structural Model

Since a fairly acceptable measurement model was found, the structural model fit was evaluated
and the relationships among the study constructs assessed through path modelling. The
structural model also showed a fairly acceptable fit with results shown in Table V. of the six fit
indices checked, four met the minimum threshold of acceptance according to Bentler (1990),
Browne & Cudeck (1993) and Marsh et al. (1996) while two failed to meet the minimum
threshold requirements. For this reason, the model was assessed to moderately fit the primary
data structure and the model was provisionally accepted.
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Table V. Structural Model Fit Summary

Model Fit Index Acceptable Threshold Study Threshold Met/Not
Met

Chi-Square value: X/df <3 2.508 Met

Comparative Fit Index >0.900 0.901 Met

(CFI)

Incremental Fit Index >0.900 0.903 Met

(IF1)

Normed Fit Index (NFI)  >0.900 0.848 Not met

Tucker Lewis Index >0.900 0.868 Not met

(TLD

Random Measures of <0.080 0.074 Met

Sample Error
Approximation
(RMSEA)

Hypothesis Evaluation

Having checked the structural model for fitness with the primary data structure and accepted
the model as being a fair representation of the data structure, the hypothesized structural
relationships among the variables were tested. The results of the hypothesis testing are shown
in Table VI.

Table V1. Hypothesis Evaluation

Proposed Hypothesis Hypothesis  Factor Rejected/Supported
Loading
CQue =—» CgLd +H; 0.269** Supported
PD =——>»  CgLd +H; 0.109** Supported
SsDL =—» (CgLd Hs 0.023 Supported
CQue —» ZPD +Ha 0.209** Supported
ZPD = SDL +Hs 0.098** Supported
CQue —» SDL +Hs 0.209** Supported

The first hypothesis postulated that there is a positive relationship between complex questions
and cognitive loading. The results provide support for the hypothesis with a statistically
significant relationship at 99% confidence interval between the two with complex questions
contributing 26.9% of the explained variance on cognitive loading. The second hypothesis
postulated that there is no statistically significant relationship between SDL and cognitive
loading. While the results show an explained variance of 2.3% of cognitive loading from SDL,
the association is not statistically significant and therefore the small explained variance shown
is only a chance occurrence. The third hypothesis postulated that there is a positive relationship
between ZPD and cognitive loading. The results support the hypothesis with a statistically
significant relationship between the two variables with ZPD contributing 10.9% explained
variance to cognitive loading. The fourth hypothesis postulated that there is a positive
relationship between complex questions and the ZPD. The results support the hypothesis with
a statistically significant relationship between the constructs with complex questions explaining
20.9% of the variance in ZPD. The fifth hypothesis postulated that there is a positive
relationship between SDL and ZPD. The results support the hypothesis with SDL explaining
9.8% of variance in ZPD which is statistically significant. The sixth and last hypothesis
postulated that there is a positive relationship between SDL and complex questions. The results
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support the hypothesis with a statistically significant relationship with complex questions
explain 20.9% variance in SDL.

DISCUSSION

This study aimed at quantitatively establishing the amount of cognitive load induced by
complex questions, ZPD and SDL which are the main tenets of a CDIO program. The study
also sought to model the relationships among the four constructs. The study found that complex
questions and ZPD induce statistically significant levels of cognitive loading with complex
questions inducing more than twice the cognitive load induced by ZPD. SDL on the other hand
does not induce statistically significant levels of cognitive loading. The results also show that
complex questions are located in the ZPD and that complex questions and ZPD encourage SDL.

While complex questions are in fact located in the ZPD, they induce more cognitive loading
than the ZPD research construct. This suggests that, since ZPD is a region, complex questions
are actually located at the very outer edge of the region next to the region were students cannot
solve problems even with help from a more knowledgeable person. Therefore, assessment
problems which are located on the outer edge of the ZDP and are perceived as complex by
students will induce fairly large amounts of cognitive loading.

Complex questions consistently lead to cognitive loading and SDL. Therefore, while inducing
cognitive loading, complex questions also encourage SDL at the same time. The importance of
SDL to academic performance and achievement has been reported in many studies (Alharbi,
2017; Alotaibi, 2016; Din et al., 2016; Lee et al., 2017; Louws, Meirink, van Veen, & van Driel,
2017; Nasri, 2017; Rashid & Asghar, 2016; Slater & Cusick, 2017; Zhoc & Chen, 2016).
Conversely, cognitive loading has been reported to have negative consequence on learning
(Kirshner, 2002; Van Gerven et al., 1994; Tasir & Pim, 1994; Amadieu et al., 2009; Ayres,
2006; Paas & van Gog, 2006). Therefore, on one hand, complex questions have an adverse
impact on learning by inducing cognitive loading while on the other hand they have a beneficial
effect in that they encourage SDL.

According to Vygotsky, learning happens when students are challenged to solve problems
which are located in their ZPD with the help of a more knowledgeable person. Given that
assessment problems located in the ZPD induce cognitive loading, some cognitive loading may
be necessary for learning to happen. Considered in relation to theory on the ZPD by Vygotsky,
it would appear that it may not be possible or even necessary to eliminate cognitive loading for
learning to take place. However, high levels of cognitive loading certainly hinder learning.

CONCLUSION

Extant literature suggests that cognitive loading is detrimental to learning while SDL is
beneficial. Therefore, complex questions play a partially opposing role of simultaneously
enhancing and impeding learning by inducing cognitive loading on one hand and encouraging
SDL on the other. Alternatively, it may be that learning cannot happen in the absence of some
level of cognitive loading because all beneficial cognitive learning tasks require a level of
cognitive deployment which will consequently induce some level of cognitive loading. This
would explain the dual consequence of complex questions of simultaneously inducing cognitive
load while encouraging SDL. The cognitive loading would be the consequence of cognitive
effort required to handle problems which are in the ZPD. This conclusion is supported by the
cognitive load theory and supported by empirical evidence that when students are subjected to
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problems about which they have little subject prior knowledge, they will experience high levels
of cognitive loading. The SDL induced by complex questions can be explained by what the
response of students to complex questions in the absence of sufficient help from a more
knowledgeable person. Invariably, students will turn to SDL in order to handle the complex
problem on their own which then also explains the cognitive loading induced by the complex
questions. Therefore, if the questions are too complex and they induce too much cognitive
loading while solving them, then learning will be impeded rather than enhanced.

CDIO programs should therefore consider the level of complexity of the assessment problem
used in association with problem or project based learning. The fact that these pedagogies
require students to engage in SDL means that the students are very likely going to experience
fairly significant amounts of cognitive loading especially when the task is too complex. Further,
appropriate support from knowledgeable persons is very important even as students engage in
SDL to mitigate the effect of high cognitive load from complex tasks.

LIMITATIONS

While the findings of this study provide valuable insight into the relationships of complex
questions, SDL, ZPD with cognitive loading and their implications for CDIO programs, the
study has some limitations. Firstly, the proposed model only just moderately fits the data.
Therefore, while the proposed model does suggest a reasonably plausible representation of the
primary data structure, other structural models may better represent the primary data structure
and yield better structural model fit. Therefore, future studies may propose other models and
consider other variables which may affect the model so as to achieve a better model fit and so
report the structural relationships more assertively. Secondly, this study used a sample from a
non CDIO program to make inference about the likely consequence of the CDIO approach on
the cognitive loading of students. Therefore, the findings presented here only provide anecdotal
evidence of the possible consequence of CDIO approach on cognitive loading. Other factors in
a CDIO program may in fact moderate the consequence of the studied variables and alter the
structural relationships with cognitive load. For example, the extent of scaffolding applied in
the CDIO program especially when students find the assessments too complex definitely
moderates the structural relationships with cognitive loading. Therefore, besides expanding the
model to include more relevant variables, future studies with a sample from a CDIO program
will provide more valid and reliable findings that can inform CDIO programs.
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