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ABSTRACT 

 
With technological innovations happening at workplaces, 21st century organizations demand 
competencies in thinking creatively and critically. These two skills will potentially help prospective 
employees become confident individuals, concerned citizens, self-directed learners, and active 
professionals. In this context, it becomes imperative to overhaul the lecture-based and banking model of 
the traditional pedagogical approach in order to impart such skills among undergraduate and graduate 
students. To address this issue, a lab-based teaching-learning method focused on problem-solving and 
design thinking was introduced at OAMK Labs in Finland. This study assesses the efficacy of lab-based 
learning in enhancing creativity and critical thinking among students from engineering, management, and 
science backgrounds of Kathmandu University, Nepal. The study was conducted in a workshop setting 
using a randomized control trial (RCT) where participants were divided into control and treatment groups. 
Participants in treatment group took part in a design thinking workshop that applied lab-based learning 
pedagogy, while those in the control group were given some reading material on improving creativity and 
critical thinking. Standard tests on both critical and creative thinking in a pre- and post-stages were 
administered to both groups. Data was analyzed using standard Difference-in-Differences technique. 
The results showed that while the level of critical thinking improved significantly, among the learners in 
treatment group alone, the creativity level in the post-stage increased significantly among learners in 
both groups. Results validated the efficacy of lab-based teaching-learning in addressing the need for 
critical and creative thinking skills among learners. 
 
Keywords: critical thinking, creativity, lab-based learning, innovation, higher education, Difference-in-
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Introduction 

Due to the recent technological 
advancements such as automation, robotics, 
artificial intelligence (AI), and Internet of things 
(IoT), the existing workforce is on the verge of 
being displaced if they do not acquire requisite 
skill sets. With this impending threat looming, it 
becomes imperative that learners of this 
generation gain life skills that help them stay 
relevant and productive in the work force. This 
reality of new workspace requires producing a 
workforce of independent thinkers, problem 
solvers, and decision makers (Silva, 2009). Given 
this backdrop, there is a greater need for learners 
to prepare themselves with skills sets that can 

meet the current economic and social world order 
than the learners of the past centuries (van Laar 
et al., 2017). These skills are popularly known as 
21st century skills. Despite their popularity, there 
is no general consensus as to what comprises 
21st century skills. Trilling and Fadel (2009) have 
grouped 21st century skills as: (i) learning and 
innovation skills (including critical thinking and 
problem solving, communication and 
collaboration,  creativity and innovation), (ii) 
digital literacy skills (including information 
literacy, media literacy, information and 
communication literacy), and (iii) career and life 
skills (including flexibility and adaptability, 
initiative and self-direction, social and cross-
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cultural interaction, productivity and 
accountability, leadership and responsibility). 
Though the definition of 21st century skills may 
vary, each skill is focused on encouraging 
learning where one would consider the 
practicality of use of knowledge and how to apply 
that knowledge (Larson & Miller, 2012).  

Fischer and Friedman (2015) assert that 
there are six necessary skills that students need 
to acquire in order to become indispensable to 
any organization, principally, the 6Cs:critical 
thinking, communication, collaboration, creativity, 
character, and curiosity. These two additional 
hallmarks of character and curiosity have been 
added to previous list of the four skills by the 21st 
century skills framework created by the American 
Management Association in 2012. 

However, our current education systems 
have neither evolved in parallel nor in 
infrastructure, in pedagogical methods, or in 
curricular material to prepare students for the 
future workplace (Chu et al., 2017). Most 
educational institutions in countries like Nepal 
focus on rote learning that relies more on 
acquiring and retaining facts and figures and less 
on fostering analytical thinking (Watkins & Regmi, 
1995).There is a need for new approaches and 
methods for the teaching-learning process. Soule 
and Warrick (2015) posit that addressing 
competencies with a focus on the 4Cs—critical 
thinking, communication, collaboration, and 
creativity, as embedded in the Framework of 
21stCentury Learning (Casner-Lotto & 
Barrington, 2006), requires an updated approach 
to education which includes a different mindset 
from the perspectives of  many involved in the 
learning community. Hence, in order to meet the 
changing needs of 21st century companies, new 
learning approaches are required across all fields 
of study, both nationally and internationally 
(Wrigley & Straker, 2015).   

The traditional lecture-based method of 
teaching advocates the banking model of 
education with a fundamental premise—students 
are containers and teachers need to fill them with 
knowledge. This decade-old belief is undoubtedly 
not adequate to equip and enhance critical skills, 
reasoning capacity, and creativity among 
learners (Freire, 1996). In this regard, to improve 
the innate skills among the learners, various new 
pedagogies have been proposed, such as (i) 
case-based learning (Harman et al., 2015), (ii) 
problem-based learning (Birgili, 2015), and (iii) 
project-based learning (Sasson et al., 2018). 
Another addition to this list is the lab-based 
learning model, which was pioneered in Finland. 

This blended model applies a multidisciplinary 
approach and design thinking process and claims 
to enhance critical thinking and creativity skills 
(Heikkinen, 2018). 

Several pedagogies have been 
introduced that supposedly enhance critical 
thinking and creativity among learners. And to 
justify this, various methodology have been used. 
For instance, Musa et al. (2012) used a self-
administered survey questionnaire to show 
efficacy of project-based learning in improving 
critical thinking. Similarly, Dillion (2006) in a case 
study, has shown that working interactively can 
lead to enhanced creativity. However, so far 
efficacy of lab-based learning pedagogy in 
improving critical thinking and creativity among its 
learners has not been established. Since 
introducing any new pedagogy entails a cost 
associated with developing new curriculum, 
training the faculties and spending resources in 
terms of money and time, it is essential to 
evaluate the claims regarding efficacy of the 
proposed pedagogies in improving theses skills 
so as to check whether it is worth implementing. 
In this regard, this research intends to verify the 
efficacy of the lab-based learning model in 
improving creativity and critical thinking skills by 
employing an experimental design method that 
applies standard proxy variables to measure 
change in the stated traits. Thus, the study 
attempts to answer the question, “Does the lab-
based learning model enhance critical thinking 
and creativity among learners?” 

Further, the paper will provide a future 
guideline of empirically evaluating the 
pedagogy’s efficacy in improving creativity and 
critical thinking among its learner using standard 
quantifiable methods. 

Literature Review 
Need to Integrate 21stCentury Skills in 
Education 

Because of the rapid growth in 
technology and change in social and economic 
conditions, the idea that subject matter taught at 
school and colleges will be relevant for an entire 
lifetime of a student is an outdated concept 
(Schleicher, 2011). In fact, the purpose of 
education has now shifted to preparation for jobs 
that have yet to be created, addressing problems 
that are yet to be known, and using technology 
that has yet to be invented (Bell, 2016). In this 
regard, education reformists argue that it is 
imperative that schools instill and develop within 
students 21st century learning skills as the 
traditional rote form of education is not enough 
(Jerald, 2009). 21st century skills are considered 
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to be a necessary skill set that encompasses life 
skills, soft skills, and interpersonal skills required 
for an individual to become competent in the 
modern work force (Schleicher, 2011). Further, 
this skill set is essential for the development of 
non-routine skills that will be more in demand in 
the future (Murnane, 2008). 

Despite 21st century skills being widely 
considered as an essential component of future 
learning, still there is no general consensus on 
what defines these skills. As a result, the 
nonprofit organization, Partnership for 21st 
Century Learning (P21), has collaborated with 
educators, business leaders, and policymakers in 
order to define what actually constitutes this skill 
set (Soule & Warrick, 2015). Further, according to 
Soule and Warrick (2015), the 4Cs (critical 
thinking, communication, collaboration and 
creativity) are the main skills that would 
complement core academic subject knowledge. 
Meanwhile, Binkley et al. (2012) classified 
21stcentury skills under four groups: (i) ways of 
thinking comprised of creativity and innovation, 
critical thinking, problem solving, decision-
making, learning to learn, and meta-cognition, (ii) 
ways of working comprised of communication 
and collaboration (teamwork), (iii) tools of working 
comprised of information literacy and information 
and communication technology literacy, (iv) living 
in the world comprised of citizenship, local, and 
global life and career, and personal and social 
responsibility. Sahin (2009), similarly, 
categorized 21st century skills using three sub-
titles: (i) information and communication skills, (ii) 
thinking and problem-solving skills, (iii) 
interpersonal and self-directional skills. Thus, in 
every classification, critical thinking and creativity 
have been considered the essential elements of 
21st century learning skills. 
Critical Thinking Skill 

Critical thinking is defined as “the 
intellectually disciplined process of actively and 
skillfully conceptualizing, applying, analyzing, 
synthesizing, and/or evaluating information 
gathered from, or generated by observation, 
experience, reflection, reasoning, or 
communication, as a guide to belief and action” 
(Scriven & Paul, 2007, p. 1). The ability to think 
critically requires an individual to question and 
possibly reject accepted ideals and authorities 
(Antler, 2013). Critical thinking is considered an 
important life skill and an asset for the future work 
force (Koenig, 2011). Similarly, Peterson et al. 
(1997) showed critical thinking as the most 
important element in medium to high complexity 
jobs which are defined as those that encompass 

a wide array of tasks including decision-making, 
planning, negotiation as well as engineering, and 
problem-solving. Therefore, improving critical 
thinking is essential for making an individual, 
work-place ready. 

Higher education is thought to contribute 
towards critical thinking (McMillan, 1987). In fact, 
DeAngelo et al. (2009) showed that 99% of 
faculties endorsed the importance of critical 
thinking in undergraduate studies. However, 
according to Tsui (2002), higher education may 
not be enough to improve higher order cognitive 
skills, and hence, in order to improve critical 
thinking, the pedagogy itself must reflect this 
need. Among the many pedagogical approaches 
used to enhance critical thinking, most often the 
problem-based and project-based learning 
approaches are used as they put learner’s center 
stage. Bell (2010) opines that project-based 
learning (PBL) is an innovative approach where 
students drive their learning through inquiry, 
collaborative research, and carrying out projects 
that reflect their knowledge. Further, Musaet al. 
(2012) have found that PBL, through its focus on 
investigating problems in the workplace setting, 
facilitates the growth of critical thinking and 
creativity skills. Meanwhile, another new line of 
thought considers critical thinking to be a learned 
skill that can be engrained in students by actively 
engaging them in project-based or collaborative 
activities (Snyder & Snyder, 2008). 
Creativity Skill 

Creativity has many and varied 
definitions. According to the confluence 
approach, creativity is considered as the 
convergence of personality elements that 
connects ideas, sees similarities and differences, 
possesses flexibility and aesthetic taste, and is 
unorthodox, motivated, inquisitive, and questions 
societal norms (Sternberg, 1999). Recently, the 
term, creativity, has been coupled with 
innovation, especially in that creativity is 
considered the production of novel and useful 
ideas (Amabile & Pratt, 2016). Further, creativity 
requires bipartite aspects, originality and 
effectiveness, where originality implies novelty in 
idea and effectiveness refers to a useful fit or 
appropriateness (Runco & Jaeger, 2012).  

Creativity can also be further divided into 
the classification of divergent and convergent 
(Taft & Rossiter, 1966). The generation of novelty 
(originality) is considered divergent thinking while 
effectiveness of an idea is considered convergent 
thinking. According to Cropley (2006), divergent 
thinking involves producing multiple answers in 
unorthodox ways while convergent thinking is 
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more orthodox and focuses on indicating one 
best solution. Therefore, creativity requires a rich 
mixture of both divergent thinking and convergent 
thinking in order to avoid reckless changes 
(Cropley, 2006). 

Akin to critical thinking, the need for 
integrating both forms of creativity in higher 
education in order to make graduates workplace 
ready has been advocated for (Sinclaire et al., 
2006). In fact, the argument of whether creativity 
can be amenable to education has a long history, 
dated back to the ninetieth century (Baer & 
Kaufman, 2006). Sinclaire et al. (2006) argues 
that the prevalence of pressure of quality 
assurance, a peer review system along with the 
demand for increased research and efficiency in 
higher education has led to a decline in creativity. 
As a result, the pedagogical need of addressing 
creativity cannot be understated. According to 
Dillon (2006), inter – and multi-disciplinary 
learning, collectively called integrativism, in 
curriculum can enhance creativity among the 
learners. 
Lab-based Model in Learning and Its Role in 
Enhancing Creativity and Critical Thinking 
 The lab-based model, developed from a 
basis of PBL, is a new pedagogical approach 
considered to enhance 21st century learning 
skills, specifically, critical thinking and creativity. 
This Finnish lab-based pedagogical approach, 
also known as the Lab studio model, is 
considered to contribute to the learning by 
applying boundary-crossing, or interdisciplinary 
skills, resulting in a T-shaped skill base in higher 
education (Heikkinen, 2018). The lab-based 
model is, therefore, a multidisciplinary form of the 
PBL model that utilizes experiences from multiple 
disciplines including engineering, health 
sciences, management, and humanities in order 
to understand and determine a solution for 
problems from various perspectives. The model 
uses empathy and reflection to create a bridge to 
the development of 21st century skills and core 
academic knowledge of higher education 
(Karjalainen et al., 2016). 

At its core, the pedagogy of the lab-
based learning model uses the double diamond 
design thinking which connects learning with 
reflective practices, both of which are considered  
to improve critical thinking and creativity skills 
(British Design Council, 2005; Hedberg, 2009; 
Huq & Gilbert, 2017). The double diamond model 
that is integrated into the lab-based learning 
pedagogy is depicted by Figure 1. 
Double Diamond Design   

As shown in Figure 1, the model uses two 
distinct stages, problem identification and 
ideation. Within these stages, there is a sequence 
of discover, define, develop, and deliver activities. 
Thus, the double diamond model requires a 
learner to explore any issue or problem both 
widely and deeply (divergent thinking) which is 
then partnered with a focused action (convergent 
thinking). According to Baker et al. (2001), critical 
thinking is ‘convergent’ while creative thinking is 
‘divergent’ in nature. Thus, the double diamond 
model used as the process in the lab-based 
learning model is meant to enhance both 
creativity and critical thinking. Additionally, Huq 
and Gilbert (2017) assert how the double 
diamond model successfully avoids the 
traditional push model’s practice of telling the 
students ‘what to do’ and instead, it challenges 
the students to co-create a solution to existing 
problems. 

The lab-based learning model, thus, 
focuses on developing  21st century skills such 
as communication, collaboration, critical thinking 
and creativity. However, the effectiveness of the 
lab-based learning model is yet to be tested 
through empirical research. This study aims to 
examine whether the lab-based learning model 
enhances critical thinking and creativity skills of 
learners, especially at undergraduate and 
graduate level students.  
Accessing Efficacy of Pedagogy in 
Enhancing Critical Thinking and Creativity 

Despite the various pedagogical 
approaches being considered in enhancing both 
critical thinking and creativity, evaluation of their 

Figure 1. Double Diamond De
Note: Adapted from “The double diamond design process model,” by British 
Design Council, 2005. (https://www.designcouncil.o

framework-innovation-design-councils-evolve
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efficacy has produced mixed results. For 
instance, Terenzini et al. (1995) found that out-of-
class experiences like ‘unassigned book 
readings’ increased critical thinking. On the other 
hand, Arum and Roska (2011) have shown that 
though the level of critical thinking increases with 
college, it also declines over time, making college 
studies less effective in boosting long-term critical 
thinking.  

Scholars agree that the major hindrance 
of critical thinking is a lack of standardized 
curricula and a focus on test scores (Landsman 
& Gorski, 2007; Sheldon & Biddle, 1998). 
Additionally, the assessment of critical thinking 
takes time and effort as it cannot be measured 
through standardized testing (Aviles, 1999). 
According to Bissell and Lemons (2006),subject-
independent tests are the best way to accurately 
measure critical thinking because these 
assessments allow measurement of critical-
thinking ability regardless of context, thus, 
allowing comparison between different groups of 
people (Bissell & Lemons, 2006). One of the most 
popular critical assessment techniques is Watson 
Glaser critical thinking appraisal (CTA) Test 
which measures different but interdependent 
aspects of critical thinking that include inferences, 
recognition of assumptions, deduction, 
interpretation, and evaluation of arguments (El 
Hassan & Madhum, 2007). A typical question that 
would be asked is as follows: 

“Should companies downsize their 
workforces to decrease expenses and maximize 
profits? 

Argument: Yes, downsizing will protect 
the company from bankruptcy in hard economic 
times. (i) Strong Argument(ii) Weak Argument.” 

The respondent would need to choose 
one of the given options. As this type of test is 
user-friendly and simple to administer, it is widely 
known to be used by employers (Tips to Pass, 
n.d.). Watson Glaser CTA Test is used widely in 
assessing critical thinking in the domain of both 
the sciences and social sciences (Kumar, 2017; 
Sadler et al., 2002). Hence, this study will employ 
Watson Glaser CTA Test to assess whether 
critical thinking among the learners increased 
through the use of the lab-based learning model. 

Similarly, in the case of enhancing 
creativity, various assessments of pedagogies 
have found varied results. For example, Al 
Hashimi et al. (2019) has indicated that the use 
of social media can enhance creativity; however, 
Al Hashimi et al. (2019) have not properly 
assessed the claim. Meanwhile, Gardiner (2017) 
opines that creativity declines among learners 

because of reactive feedback from teachers. But 
again, the opinion is based more on a belief of 
teachers rather than actual measurement of the 
phenomena. In this regard, literature suggests 
two separate tests for convergent and divergent 
creative thinking, the Remote Association Test 
and the Alternative Use Test (Guildford, 1967; 
Mednick, 1962). 
Remote Association Test 

The Remote Association Test (RAT) is a 
test used to measure creative potential. It was 
developed by Sarnoff Mednick and Martha 
Mednick in 1962 and has been considered a valid 
measure of creativity since then (Mednick, 1962). 
Each of the RAT questions presents three cue 
words that are linked by a fourth word, which is 
the correct answer. For example, 
“cottage/swiss/cake” is linked by correct answer 
“cheese”. Though the efficacy of the RAT Test in 
assessing creativity has been challenged on the 
basis that it focuses on verbal fluency (Ochse & 
Van Lill, 1990), a recent study by Lee et al. 
(2014), using the two-parameter logistics model, 
has shown RAT to be an effective assessment 
tool for the Convergent Thinking Test of 
Creativity. 
Alternative Use Test 

The Alternative Use Test introduced by 
Guildford (1967) is considered a valid test for 
divergent thinking (Dippo & Kudrowitz, 2013). It 
supports the bounded ideation theory that 
stipulates that a number of novel ideas increases 
at the beginning of idea generation and then level 
off as participants become fatigued, forming an S-
shaped curve (Reinig et al., 2007). In this 
alternative user test, the subject is asked 
questions on the alternative uses of a common 
object. For example, the test could ask the 
common uses of a brick. The higher the number 
of viable alternatives generated, the higher the 
respondent would score in divergent thinking. 
This test has been the most widely used in 
creativity tests (Kim, 1998; Mayer, 1999). It also 
has a high level of reliability with a correlation 
above 0.8 (Fink et al., 2010). Since this study 
aims to evaluate the efficacy of the lab-based 
learning model in improving critical and creative 
thinking among learners, all three tests, Watson 
Glaser CTA Test, Remote Association Test and 
Alternate Use Test are employed. 
Methodology 
This study applies a quasi-experimental method 
for assessing the impact of the lab-based learning 
pedagogy in terms of enhancing critical thinking 
and creativity capacities among learners from the 
undergraduate and graduate level. To carry out 
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the experiment, a randomized control trial (RCT) 
was designed where participants were divided 
into either the control or the treatment group. The 
participants in the treatment group took part in a 
three-day design thinking workshop held at the 
Kathmandu University School of Management. 
The workshop used lab-based learning pedagogy 
to guide students in critically viewing social 
problems and creatively finding viable business 
solutions to solve those problems. Meanwhile, 
those in the control group were given material to 
read regarding critical thinking and creativity. The 
materials focused on understanding and 
improving the creativity and critical thinking. 
Participants in both the control and the treatment 
group were given a pre- and post-assessment, 

consisting of a combination of the Watson Glaser 
CTA Test, Alternative Use Test and Remote 
Association Test. As the study made use of  
human subjects, approval from the research 
department of Kathmandu University was taken 
in conformance with the Helsinki 1964 declaration 
(PP, 1964). The difference in differences 
econometric method was applied to the scores of 
creativity and critical thinking obtained during pre- 
and post-assessment of participants from both 
the control and treatment group. This method was 
applied in order to determine the actual effect of 
the lab-based learning model on the critical 

thinking and creativity skill level of participants. 
The details of the study and the experimental 
design are explained below. 
Study Settings and Participants 
This study draws on the pre- and post-data 
collected during the three-day “Experimental 
Boot Camp” workshop, a form of intervention 
using the lab-based learning model that was held 
at Kathmandu University School of Management 
from October 6-9, 2018. First, students from the 
school of engineering, school of science, and the 
school of management at Kathmandu University 
were invited to apply for participation in the 
workshop online. Prior to registration, all thirty-
seven applicants were administered the Watson 
Glaser CTA Test, Remote Association Test and 

Alternate Use Test for a baseline measure. The 
selection into the two groups was random and 
was chosen irrespective of score. The students 
were then randomly divided into either the control 
or the treatment group. The control group 
consisted of thirteen students, and the treatment 
group consisted of twenty-four students. Table 1 
depicts the way participants were divided 
between the control and treatment groups. 

Table 2 shows the gender of the students 
divided between the control and treatment 
groups. 

School Control group Treatment Group Total 

School of Management 10 12 22 

School of Engineering 3 11 14 

School of Science 0 1 1 

Total 13 24 37 

Table 1. Distribution of Control and Treatment Group 

Gender Control group Treatment Group Total 

Male 4 7 11 

Female 9 17 26 

Total 13 24 37 

Table 2. Distribution of Gender among Control and Treatment Group 
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The twenty-four students selected in the 
treatment group were then mixed with the eight 
other industry participants that belonged to retail, 
financial service, startups and software 
development. Hence, a total of thirty-two 
participants took part and completed the lab-
based learning three-day design thinking 
workshop. During workshop, the participants 
were provided with several social and 
environmental issues including improving female 
hygiene, reducing water pollution, improving 
computer literacy skills among adults, and 
reducing sexual harassment at the workplace. 
The participants from both the industry and 
students were mixed and grouped into a team 
and were asked to research on the topic they 
were given to find viable, desirable and feasible 
solutions for the issues that could ultimately be 
turned into a startup business. At the end of the 
workshop, the teams were asked to present their 
solution and business plan. The workshop offered 
participants hands on experience developing new 
and innovative solutions for addressing social 
needs. Pedagogically, the workshop was based 
on the lab-based learning model, originally 
developed at the Oulu University of Applied 
Sciences in Finland. 
 Meanwhile, those who fell into the control 
group were provided with readings on creativity 
and critical thinking skills that included “Thinking 
Fast and Thinking Slow” by Daniel Kahneman 
and “Steal like an Artist” by Austin Kelon. The 
readings were provided to simulate traditional 
classroom-based teaching, and all the learners 
completed the reading and provided a two-page 
summary of the content from the readings. 
After the workshop, the Watson Glaser CTA Test, 
Remote Association Test and Alternate Use Test 
were again administered to both the control and 
treatment group. The scores were used to 
compare critical thinking and creativity levels pre- 
and post-workshop. It is to be noted that the 
industry participants were not included in either 
the pre- or post-assessment as the research only 
focused on the improvement of the students. 
Timing Between Pre and Post Assessment 

According to Brown et al. (2008), a time 
gap of three to six weeks between the pre-test 
and post-test is considered ideal as the 
respondents would only vaguely remember the 
way they answered the first time the test was 
taken. In this study, the pre-test was done almost 
three weeks before the workshop, and hence, 
aligned with the guidelines given by Brown et al. 
(2008). Further, the study administered the post 
assessment the same day as the workshop, as 

suggested by Lewis & Lovatt (2013),so as to 
remove possible confounding errors such as lost 
interest, absenteeism or fatigue which could have 
appeared with a delay. 
Difference-in-Differences Method for Data 
Analysis 

The research used a quasi-
experimentation design (Meyer, 1995). This was 
selected to account for false counter-factual 
information that generally arises while using both 
a pre- and post-assessment as well as participant 
and non-participant experimental design. One of 
the major flaws in the pre versus post design is 
the lack of a control variable to manage the 
common trend. As a result of which, counter 
factual analysis of what would have happened if 
the intervention had not taken place cannot be 
assessed. Meanwhile in the case of participant 
versus non-participant design, the selection 
process itself can lead to upward bias in the 
measurement. To overcome these flaws, the 
research used the difference-in-differences 
method which combines pre- and post-
assessment and a participant and non-participant 
approach to reduce selection bias as well as also 
the common trend (Lechner, 2011).  
The difference-in-differences method, first used 
by Snow (1854), first stipulates that an 
intervention and outcome of interest be identified. 
In this study, the intervention is the workshop 
using the lab-based learning model, and the 
outcome of interest is the test scores on creativity 
and critical thinking. The intervention is then used 
only with the treatment group while the control 
group was given a reading task. After the 
completion of the workshop, a difference in 
outcome between the treatment and control 
group in baseline (difference-1) and difference in 
outcome between both groups post intervention 
(difference-2) is computed, and finally, the actual 
impact of intervention is obtained by difference in 
difference (difference-2 minus difference-1) 
(Ryan et al., 2015). Thus, the basic outcome can 
be estimated using the relation as given below: 
DD= (Y treatment-post-Y treatment-pre) - (Y 
control-post-Y control-pre) .......i) 
 where Y is the outcome. 
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Graphically, it can be represented as 
shown in Figure 2. 
In regression form, difference-in-differences can 
be represented as: 
Yi=β0+ β1D+ β2Post+ β3Post*D  ...i) 
Where:  

Post =0 before intervention and 1 after 
intervention 

D= 0 for control and 1 for treatment 
Post*D= Interaction between post and 

treatment 
Looking at the regression Coefficient 3 

gives the actual intervention impact 
Yi= Score of the students in the 
standardized test where i=1 is for 
creativity and i=2 is for critical thinking 
As per Bertrand et al. (2004), the 

difference-in-differences method is appropriate 
when interventions are as good as random, 
conditional, on time, and group fixed effects. In 
this model, all three requirements were met. The 
intervention group was randomly selected, only 
one intervention was done, and the values were 
derived from the same pool of students. Hence, 
the methodology was deemed to be sound for 
use and application. 
Flowchart in Research Process 

The overall process of the workshop and 
the methodology used for the research can be 
summarized by the flowchart given in Figure 3. 

 
Figure 2. Difference-in-Differences Model. 
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Results 
After the completion of the workshop, the 

score from the pre and post assessments of both 
participants from the control and treatment group 
were collected and analyzed using the difference-
in-differences regression given by the equation 
ii). The results obtained for both critical thinking 
and creativity skills are tabulated in Table 3.The 
results show that post-intervention critical 
thinking skills among students in the treatment 
group increased by 7 units while the skill of 
creativity increased by an average 8 units. In the 
case of creativity, however, the post-analysis 

showed a rise in creativity by an average of 4 
units for both the control and treatment groups. 
This could perhaps be explained by the fact that, 
irrespective of selection in control or treatment 
group, students tried to assess their creativity by 
using the Internet to learn about these questions. 
Further, the adjusted R square value showed that 
the application of lab-based learning can explain 
approximately 59% of variability in the creativity 
score while the model again explains 47% 
variability in the critical thinking score. Further,  
 

Figure 3. Flowchart of Overall Research. 

Table 3. Result of Regressio
Note. * sig @ 10%, ** sig @ 5%, *** sig @ 1%; bold v
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the ANOVA analysis of lab-based learning 
method’s impact on both creativity and critical 
thinking is highly significant which, in turn, 
validates the stability of regression equation. 
Thus, the overall results show that lab-based 
learning pedagogy does improve creativity and 
critical thinking among learners of undergraduate 
and graduate students. 
Discussion 
This study has found that lab-based learning 
pedagogy that uses a double diamond model 
enhances the critical thinking and creativity 
among students. This finding is aligned with the 
opinion of Riggs and Hellyer-Riggs (2014) that 
critical thinking ability increases among 
challenged learners as opposed to unchallenged 
or unreflective learners. Further, as this 
pedagogy adopts the learning principle of 
classroom community/co-operative learning and 
fairness, justice, and equity, it challenges the 
learners to widen their understanding of the 
subject matter. According to Elder and Paul 
(1996), a ‘challenged thinker’ refers to those who 
actually are aware of the role that thinking plays 
in their life and its impact. Since the lab-based 
pedagogy challenges the learner to come out of 
their comfort zone and widen their understanding, 
this increased level of challenge can explain the 
increase in critical thinking indicated during the 
post-intervention. 
Huq and Gilbert (2017) found that students 
become more empowered in their learning and 
will experience a sense of self-awareness if the 
hierarchical barrier between teachers and 
students is closed and dissolved. Using the 
objective self-awareness theory, Silvia and 
Phillips (2004) have demonstrated that 
participants’ creativity levels drop once they 
become self-aware of their failures. On the other 
hand, their creativity levels tend to stabilize if they 
are not afraid of failure. This phenomenon clearly 
explains the underlying reason as to why the 
creativity level registered an improvement in both 
the control and intervention groups 
simultaneously. Students were self-aware of their 
failure of not scoring high in the tests, and hence, 
performed poorly during the screening phase. But 
in the post-intervention phase, when students 
from both the groups were immune from failure 
as the test was perfunctory, there was a 
moderate impact on their creativity level. Since 
lab-based learning pedagogy uses reflective 
practice and encourages learners to learn from 
mistakes through feedback and embrace failure, 
this could well explain the reason behind 
improvement in the creativity level. 

Further, during the workshop, students were 
asked to write their personal goals on a day-to-
day basis, and they were expected to refine their 
goals on every succeeding day based on 
reflection of the preceding day. Moreover, in each 
stage, learners were asked to self-reflect on their 
learning and feedback was exchanged among all 
the learners, both on a peer-review basis and by 
the lab masters. These iterative reflective 
practices and self-directed learning is considered 
to enhance critical thinking (Facione, 2011). In 
addition to that, Nabhan (2016) and Nesoff (2004) 
have also found that critical thinking improved 
through reflective practices such as maintaining 
journal diaries. Thus, the practice of self-
reflection could have been a contributing factor in 
improving critical thinking among the participants 
of the workshop in the post-intervention group.  
Limitations of the Study 
This study was done among students who chose 
to voluntarily apply for the workshop which 
possibly could have led to self-selection bias, as 
only those students who were interested in 
design thinking workshop participated. Despite 
the fact that investigators tried to lessen its impact 
by randomly choosing the control and treatment 
groups, assessing its spillover effect into the 
actual results was rather difficult. 
Further, the study used standard creativity tests 
(Remote Association Test and Alternative Use 
Test) and a standard critical thinking test (Watson 
Glaser CTA Test) as the proxy for measuring 
creativity skills and critical thinking skills. As we 
cannot rule out the possibility of limitations of the 
proxies, a better proxy needs to be identified for 
future studies on the lab-based learning model.  
Conclusion 
Creativity, critical thinking, communication, and 
collaboration are the most sought-after soft skills 
required for the workforce of the 21st century. 
However, there is no established pedagogy that 
attempts to institutionalize them in the teaching-
learning process. The lab-based learning model, 
introduced in the OAMK Labs in Finland, attempts 
to focus on developing these 4Cs among 
learners. However, there has been no research 
carried out to validate the claim. In this context, 
this research was done to determine whether the 
lab-based learning model enhances the creativity 
and critical thinking skills of students. The study 
conducted, as a part of a three-day workshop 
based on the lab-based learning model, has 
shown that, overall, the model improved critical 
thinking significantly among the treatment group 
and validates its efficacy. However, in the case of 
creativity as a skill, the result is a mixed bag as it 



 

_______________________________________________________________ 

Westcliff International Journal of Applied Research. Vol. 4, No. 1. Fall 2020 25 

showed to improve in both the control and 
treatment groups. 
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