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Abstract

This article investigates students’ perceptions of the relationship between Problem-Solving and
the activities and resources used in a Web-based course on the fundamentals of Information
Technology at a university in Montreal, Canada. We assess for the different learning components
of the course, the extent of perceived problem-solving skills acquisition including research, crea-
tivity and critical thinking skills. The course entailed two categories of learning, namely re-
sources-based and interactive components. The study aimed at answering the following questions:
1) To what extent do students understand the definitions of Problem-solving, Research, and Crea-
tive Idea Generation skills, and Critical Thinking skills? (2) What is the relative contribution of
the various learning components (activities and resources) of the course to the perceived acquisi-
tion of Problem-Solving, Research, and Creative Idea Generations skills, and Critical Thinking
skills; (3) Is the understanding of the definitions correlated with the perceived contributions of the
learning components (activities and resources) of the course to the skills development? (4) To
what extent is perceived Problem-solving skill acquisition explained by the acquisition of the
other three skills?
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tions of their acquisition of various higher-order learning skills, including problem-solving
(Morin, Thomas & Ly, 2014; Morin, Thomas, & Saadé, 2012; Saad¢, Morin & Thomas, 2012;
Thomas & Morin, 2010). Additionally, Davis (1989) has shown that user’s intention to use a sys-
tem is tied to their perceptions, while Keengwe (2007) and Koohang & Durante (2003) found that
a relationship exists between students’ personal computer proficiency and students’ perceptions
of the effect of computer technology to improve their learning. Song, Singleton, Hill, & Koh
(2004) focused on students’ perceptions as a way to improve online or distance learning. Percep-
tions are, therefore, important considerations when integrating technology into learning, especial-
ly virtual learning.

Some level of web-based learning has now become the norm rather than the exception. Even
classes that principally use a traditional classroom, lecture approach to delivery often integrate
some level of web-based learning via course management systems, often referred to as blended
learning. At the other end of the spectrum of delivery methods is the completely online, virtual
delivery of course content, which is the focus of the research presented here. This delivery meth-
od is expected to have some impact on the students’ ability to acquire problem-solving skills
deemed essential for navigating life and achieving successful career paths.

A distinction has to be made between Problem-Solving and Problem-Based Learning. Problem-
Based Learning is a teaching method that uses problems specifically designed to foster problem-
solving skills, among other higher-order thinking skills (Baturay & Bay, 2010; Liu, et al. 2014;
Tsai & Chiang, 2013). Problem-Solving, in contrast, is the outcome that is achieved by any
teaching method employed, which may or may not include problem-based learning.

Compared to problem-based learning, the body of knowledge for problem-solving in higher edu-
cation is significantly less. In this paper the focus is on problem-solving defined as “deriving
alternatives and solutions for complex problems/ issues with incomplete information”, as sup-
ported by research skills, creativity, and critical thinking, regardless of teaching method. This
definition is based on a number of researchers who have built on each other’s work and around
which there is much overlapping of ideas. According to Hennessey, McCormack, & Murphy
(1993) and ITS Education Asia (2014), problem-solving requires a controlled mixture of analyti-
cal and creative thinking. In Bloom’s Taxonomy of learning, problem-solving encompasses
analysis, synthesis, evaluation, and in the revised taxonomy it encompasses analyzing, evaluating,
and creating (Anderson & Krathwohl, 2001; Bloom & Krathwohl, 1956). Missing from these and
other taxonomies, however, is the requisite need for researching the problem and the potential
solutions (Jonassen, 1997, Saadé¢ et al., 2012). Before doing any sort of analysis, synthesis, or
evaluation, it is necessary to either proactively search out problems and solutions before they
occur or to conduct research surrounding particular problems that do occur. These are articulated
in Land & Green (2000) who are referencing Moore, 1995, as:

...identifying information needs, locating corresponding information resources; extracting
and organizing information from each source; and synthesizing information from a variety of
sources into cogent, productive uses (Moore, 1995). (p.45)

In their case study, Oldenburg & Hung (2010) found nursing students focused mostly on infor-
mation gathering, with less attention to problem recognition, construction of meaning, and prob-
lem resolution.

Problem-solving, then, can be viewed as an umbrella term, supported by a tripod of skills encom-
passing research, creative idea generation (referred to interchangeably as creativity throughout the
paper for simplicity), and critical thinking (Thomas, 2001), but this may not tell the whole story
as shown in Figure 1.
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Figure 1. Problem-Solving Tripod or Four-legged Stool?

This study provides two significant contributions. (1) At a macro level, it provides an understand-
ing of the relationship of problem-solving to its proposed sub-components of research, creative
idea generation, and critical thinking skills in the online learning context (higher education); (2)
At a micro level, it identifies the kinds of resources and activities that foster / require these prob-
lem-solving skills.

With this knowledge, practitioners (teachers and online courses designers) can design and imple-
ment better online (web-based) courses by integrating learning tools to foster the development of

problem-solving, and associated research and creative idea generation skills, and critical thinking
skills.

Literature Review

It goes without saying that the purpose of higher education is to provide students with the capaci-
ty for higher-order thinking and learning. This does not change when the medium of delivery
changes. According to Lewis and Smith (1993), higher-order thinking:

...occurs when a person takes new information and information stored in memory and inter-
relates and/or rearranges and extends this information to achieve a purpose or find possible
answers to perplexing situations. A variety of purposes can be achieved through higher-order
thinking... Deciding what to believe; deciding what to do, creating a new idea, a new object,
or an artistic expression, making a prediction; and solving a non-routing problem. (p.136)

Summarizing the ideas of heavyweights in the field, such as Piaget, Bloom, Gagne, Marzano,
Glaser, Vygotsky, Haladyna, & Gardner, the authors King, Goodson, & Rohani (1998) propose
that higher-order thinking includes critical, logical, reflective, metacognitive, and creative think-
ing. Developing these skills requires distinguishing important from unimportant information,
integration and interpretation of information, critical thinking and problem-solving, and time and
effort management. Lewis & Smith (1993) suggest it includes critical thinking, problem-solving,
decision-making, and creative thinking. In her review of the literature, Collins (2014) recognizes
three schools of definitions of higher-order learning provided by Brookhart (2010): those who
view it as transfer — being able to apply what has been learned to new situations or conditions,
those who view it as critical thinking — being able to make sound decisions and exercise reasoned
judgment, and those who view it as problem-solving — being able to arrive at an outcome or goal
in the absence of a readily recognized pre-defined path or solution. In Tiruneh, Verburgh, and
Elen (2014) skills and dispositions are differentiated.

The thorniness of this issue for educators, and its measurement, is evident from the above discus-
sion and is aptly articulated in King et al. (1998):

The challenge of defining “thinking skills, reasoning, critical thought, and problem solving”
has been referred to as a conceptual swamp in a study by Cuban (as cited in Lewis & Smith,
1993, p. 1), and as a “century old problem” for which “there is no well-established taxono-
my or typology” (Haladyna, 1997, p. 32). In addition, explanations of how learning occurs
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have been viewed as inadequate, with no single theory adequately explaining “how all learn-
ing takes place” (Crowl, Kaminsky, & Podell, 1997, p. 23). (p. 7)

Of these elements of higher-order learning identified, critical thinking is the concept most often
cited and researched (Saadé et al., 2012). Critical thinking according to Pascarella & Terenzini
(2005), as cited in Tiruneh, Vergurg, & Elen (2014), refers to:

...an individual’s ability to do some or all of the following: identify central issues and as-
sumptions in an argument, recognize important relationships, make correct inferences from
data, deduce conclusions from information or data provided, interpret whether conclusions
are warranted based on given data, evaluate evidence or authority, make self-corrections,
and solve problems. (p. 2)

Meta-analyses in the area suggest that combining opportunity for dialogue, exposure to and prac-
tice with authentic inquiry-based, real-world and situated problems and examples, participation in
open-ended discussions, and mentoring lead to enhanced generic critical thinking skills (Abrami
et al., 2014; NC State University, 2014), while a meta-analysis conducted by Gellin (2003) found
student involvement in Greek life, clubs and organizations, faculty and peer interactions, living
on campus, and employment resulted in increased critical thinking.

There is a scant body of research work on problem-solving per se, especially in virtual learning
environments, as opposed to problem-based learning for which there is ample research. Problem-
solving, as an outcome or dependent variable, is not to be confused with problem-based learning,
which is an input or independent variable. Problem-Based Learning, as stated before, is a teach-
ing method that uses problems specifically designed to produce problem-solving skills, among
other higher-order thinking skills. In other words, it is an input variable designed to produce the
outcome variables. Research in this area focuses, for instance, on how a particular problem-based
learning teaching method or strategy may impact on a student’s perceptions or achievement or
intentions (Alamro & Schofield, 2012; Baturay & Bay, 2010; Hsu, Hwang, Chuang, & Chang,
2012; Oldenburg & Hung, 2010), or how technology to support this teaching method affects these
outcomes (Lan, Tsai, Yang, & Hung, 2012; Land & Green, 2000; Shen, Lee, & Tsai, 2011; Stew-
art, MacIntyre, Galea, & Steel, 2007; Taplin, 2000).

Problem-Solving skill, on the other hand, is the outcome that is achieved by any teaching method
employed, which may or may not include problem-based learning, and research surrounding it
may not necessarily examine the teaching method at all. When problem-solving as an outcome
variable is examined, performance is often used as a surrogate measure. It is usually a measure of
scores on exams or assignments and research results that are available have been contradictory. A
meta-analysis of studies from 1995-2004 conducted by Jahng, Krug, & Zhang (2007) found no
differences in student achievement between online distance education and face-to-face, while
Means, Toyama, Murphy, Bakia, & Jones (2009), looking at studies from 1996-2008, found
online delivery outperformed face-to-face delivery. In the studies examined by Sitzmann,
Kraiger, Stewart, & Wisher (2006), web-based learning was found to be 6% more effective in
conveying declarative knowledge than the traditional classroom delivery; however, this disap-
peared if the same instructional method was applied in both delivery settings. There was no dif-
ference in conveying procedural knowledge nor in the satisfaction of students. Looking at
achievement and attitude outcomes from 1105 studies, Schmid et al. (2014) found subject matter,
degree of difficulty in technology use and pedagogical use of technology to be predictors of these
outcomes. They also found that cognitive support tools produced better results than presentation
support tools.

The potential for inconsistencies in meta-analysis research results, according to Bernard (2014)
and Phipps & Merisolis (1999), among other things, arises from questionable research quality due
to lack of control of extraneous variables, non-randomization of subjects, questionable reliability
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and validity of instruments and lack of control of the feelings and attitudes of students and facul-
ty, and various biases. Drawing definitive conclusions is therefore difficult. (See Morin et al.,
2014, and Thomas, Morin, & Ly, 2014, for a summary of various meta-analyses in the field, in
the area of online and blended learning versus traditional learning, though not all are specifically
concerned with problem-solving.)

According to the definition of decision-making given by Beachboard & Aytes (2013), and sup-
ported by others (Johnson, Archibald, & Tenenbaum, 2010; Pedaste, Pentjarv, & Sarapuu 2003),
when it comes to scholastic and professional performance, problem-solving is a key skill that
individuals need in order to succeed, to achieve the requisite level of decision-making for the
task.

Decision-making is directly associated with selecting one course of action among two or
more possible alternatives. Decision-making is driven by a desire to solve problems or
exploit opportunities. A problem refers to some type of event that requires a response to
avoid a negative consequence. Conversely an opportunity is an event or situation where a
response is required to make something desirable happen. (Beachboard & Aytes, p. 16)

The Big Six information problem-solving process proposed by Eisenberg & Berkowitz (1988)
suggests that problem-solving requires defining the task and identifying the information needed to
solve it, determining sources for the information, locating the sources and the information, ex-
tracting the information, synthesizing the information, and evaluating the information. It is re-
garded as one of the most important skills needed to be able to handle the novel, changing re-
quirements of any job function, and in the current information age, how to bring technology to
bear on this problem-solving (Hennessy, Mccormick, & Murphy, 1993). As Eisenberg & Johnson
(1996) noted, this means going beyond the how of technology use, to the when and why, what
they refer to as true computer literacy. That means:

...knowing the basic operations, terminology, and maintenance of equipment; knowing how
to use computer-assisted instructional programs and other specialized, task-specific applica-
tions, having a knowledge of the impact of technology on careers, society, and culture; know-
ing computer programming. (p. 1)

The acquisition, understanding, and use of knowledge require various learning strategies, meta-
cognitive skills and the desire to use them. In order to learn in the academic environment, as well
as to perform well later in the workplace, students need the skills to acquire, absorb, and transfer
knowledge efficiently and effectively (Eisenberg & Berkowitz, 1988). This implies being able to
apply problem-solving skills, associated research and creative idea generation skills, and critical
thinking skills to situations as they arise.

From the above discussion, there is an evident need for students to develop problem-solving
skills, and there is also evidence of support for the idea that problem-solving skills are undergird-
ed by research skills, critical thinking skills, and creativity skills. Past research has focused most-
ly on differences in delivery methods rather than on an examination of the components of prob-
lem-solving, with its associated research, creative idea generation skills, and critical thinking
skills, as is being proposed in the model presented here. As a general concept, higher-order think-
ing skills have been considered important skills to develop, critical thinking being the one most
researched as noted previously (Saadé et al., 2012), but not in association with the other skills
identified here and not as a supporting leg of problem-solving. The current research proposes that
critical thinking should be considered as a supporting leg of problem-solving. There is potentially
additional challenge in attempting to develop these skills in a virtual environment, without the
usual face-to-face interaction where immediate feedback and assistance are available. There is
little research in this area, hence the focus being given to it in this paper.
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Methodology

As the authors are not aware of other research that has looked into these ideas, the purpose of the
research presented here was to investigate what observations could be made about students’ per-
ceptions of their acquisition of an important aspect of higher-order learning, namely, problem-
solving, and the supporting research, critical thinking and creative idea generation skills, from the
various activities, resources and technologies used in the course.

With this in mind, the following research questions were investigated:

1. To what extent do students understand the definitions of Problem-solving, Research
skills, Creative Idea Generation skills, and Critical Thinking skills?

2. What is the relative contribution of the learning components (activities and resources) of
the course to the perceived acquisition of Problem-solving, Research skills, Creative Idea
Generation skills, and Critical Thinking skills?

3. Is the understanding of the definitions correlated with the perceived contributions of the
learning components (activities and resources) of the course to the skills development?

4. To what extent is perceived Problem-solving skill acquisition explained by the acquisi-
tion of the other three skills?

In this paper, the following definitions are used (Thomas, 2001).

Problem-solving: deriving alternatives and solutions for complex problems/issues with incom-
plete information, this is built on:

(1) Research skills: investigating, finding, and synthesizing information from multiple sources;
(2) Creative idea generation: ideas that are novel or unique; and
(3) Critical thinking: analysis, inference, reasoning, evaluation, explanation, interpretation.

A questionnaire was devised and administered to determine how problem-solving skills were
perceived in an online information technology course. In specific, students in an entirely virtual,
online course were asked to provide a subjective assessment of the extent to which they felt vari-
ous activities, resources, and technologies supported their acquisition of problem-solving skills
and its supporting legs — research skills, critical thinking skills, and creative idea generation
skills.

The Procedure

The course used in this study is “Fundamentals of Information Technology and Business Produc-
tivity”” and is offered by the business school. The course includes the following subjects: Under-
standing computer parts; Making the most of Web resources; Application software; Operating
systems; Utility programs; Hardware; Networking; Securing your computer and digital data; Mi-
crosoft Excel; and Microsoft Access. Microsoft Excel and Access constitute 50% of the course
and are task based using the SAM tool (http://sam.cengage.com). This task-based component of
the course entails pre-assessment, training, and post-assessment of skills which are later strength-
ened by a problem-based mini case. Learning the IT knowledge areas (subjects) identified is done
through an ebook, a set of videos and audio files, and EISEL (an interactive questioning tool).
Students are assessed by quizzes and 2 exams. The first exam covers the first half of the book and
the second covers the second half.

This course is offered to all students entering the business school who do not meet information
technology admission requirements, that is, do not have the pre-requisite knowledge of infor-
mation technology fundamentals. At the same time, many students from other faculties can take
this course as an elective. Approximately, 50% of the students who take the course are from out-
side of the business school. The course is completely online with no face-to-face contact with the
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teaching assistant or the professor. There are, however, weekly office hours held by the teaching
assistant of which only a few students take advantage (as experienced and noted in the last five
years). Approximately 2700 students enroll in this course every year.

From an instructional design perspective, the course included practice quizzes, readings, proc-
tored exams, video and audio, business problem-solving cases, Excel and Access simulations and
assignments. In essence the course entailed many activities that require students to not only learn
the content but also establish interconnections between them to specific context. Pedagogically
speaking, the course is primarily based on the cognitivist approach. Ever since the 1950’s, psy-
chologists and educators have stressed the complex cognitive processing that occurs during the
act of learning. Learning is equated with discrete changes between states of knowledge, and the
acquisition of knowledge is described as a mental activity that entails internal coding and struc-
turing by the learner (the learner is an active participant in the learning event). To that end, cogni-
tive theories and cognitive-based activities are considered more appropriate for explaining com-
plex forms of learning such as reasoning, critical thinking and problem-based learning.

In such a course, the fundamental premise to establish a cognitively supported online environ-
ment is the inclusion of many activities (independent or semi-independent) that students can en-
gage with, and in doing so, allow the student to think of the interconnections. Students taking the
course are required to demonstrate acquisition of basic IT knowledge and lower level skills, such
as remembering concepts as well as keystrokes in software, and additionally, the mechanics of
how to solve problems with the software being learnt. Learning in the course is supported by
various activities and resources, as well as different technologies. There are three websites that
students need to access for the course. Each website contains different tools. These tools manage
the concepts and content via different media formats. For example, some interactive activities
were assignments, an Excel project, an Access project, and quizzes, in addition to an educational
information system for enhanced learning (EISEL). The resources were the textbook, the online
book chapters, the overall online system, and the material on the web. Overall, students realize
early in the course that they are active participants and equally responsible of their learning pro-
cess.

Data was collected via an optional online survey at the end of the course, which was posted on
the Moodle™ course management software platform. Students were instructed that there were no
right or wrong answers and that interest was primarily in their beliefs and perceptions about the
course components and their experiences with the different tools for learning. Students were
asked to respond to the survey as candidly as possible.

Instrument Description

The survey was divided into three major parts. The first part contained open-ended demographic
questions related to program of study (5 questions): gender, age, level of computer experience,
and mother tongue. The second part was about the students’ level of understanding of definitions.
There were 4 questions evaluated from 0 - no understanding, to 10 — perfect understanding. The
third part was about perceptions of the contributions of the various activities and resources of the
course to problem-solving and its component skills. For each of the four skills, namely, Problem-
solving, Research, Creativity, and Critical Thinking, students were asked to identify at what level
each of the class activities and resources contributed to their perceived development of these
skills on a 3-point scale, where 1 indicated — not at all, 2 — moderate, and 3 — a lot. There were 28
questions.
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Instrument Development

Building on prior research conducted by the authors, the survey used in this study measures the
subjective evaluation of the students’ use and/or development of problem-solving skills, research
skills and creative idea generation skills, as well as critical thinking skills, while interacting with
the course resources, activities and technologies (Thomas & Morin, 2010). The survey used in
this study is based on an instrument developed by the second author (Thomas, 2001). The relia-
bility of the instrument as measured by the Cronbach Alpha is very solid, Problem-Solving 0.861,
Research 0.879, Critical Thinking 0.907, and Creativity 0.861.

These concepts of higher learning are consistent with those advocated by Chickering & Gamson
(1987) and Bloom & Krathwohl (1956), and revisited in Anderson & Krathwohl (2001), Dangel
& Wang (2008), ITS Education Asia (2014), Collins (2014), and Facione (2015). The authors are
not aware of an instrument that examines problem-solving with its sub-components of research
skills, critical thinking skills, and creative idea generation skills, as is being proposed here. Also,
contrary to other instruments that usually measure the extent to which, or the reliability with
which, questions are representative of a particular construct, the instrument in this research seeks
students’ perceptions of the support various activities, resources, and technologies used in a
course contribute to their acquisition of the identified higher-order thinking skills. The purpose of
this research is not to validate constructs but rather to seek perceptions about the constructs,
hence instruments such as the California Critical Thinking Skills Test and others would not be
appropriate (King et al., 1998, provide an extensive inventory of these instruments). As the ex-
treme points of these perceptions were the focus of interest, a 3-point scale was adapted rather
than the usual finer 5-point scale, which also often gets collapsed to a 3-point scale for purposes
of analysis.

Results

To analyze the results, several statistical tools were used, such as descriptive statistics, correlation
analysis, analysis of variance using Tukey-Kramer post-hoc tests, and multiple regressions to
identify the factors that impact higher-order thinking skills acquisitions and potential differences
in effectiveness.

Demographics and Definition Understanding

There were a total of 985 students enrolled in the course and 490 of them completed the survey
online for a response rate of 51.2%. Of those who completed the survey, 44% were female stu-
dents. Most respondents (73.3%) were in the 20-23 age group, 17.4% in the 24-30 age group and
4% and 5.3% were in the below 20 and above 30 categories, respectively. The average age is 22.7
years, while the median is 22.

Research Question 1:

To what extent do students understand the definitions of Problem-solving, Research and Creative
Idea Generation skills, and Critical Thinking skills?

Figure 2 shows the distribution of the scores representing students’ self-reported level of under-
standing of the definition of the four skills used in the survey. A score of 0 indicates: ‘Not at all’
and a score of 10 indicates ‘Perfect understanding’. The definitions are, as previously stated:

* Problem-solving: deriving alternatives and solutions for complex problems/issues with
incomplete information

* Research: investigating, finding, and synthesizing information from multiple sources

* Creativity: ideas that are novel or unique

* Critical Thinking: analysis, inference, reasoning, evaluation, explanation, interpretation
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Figure 2. Understanding the Definitions from 0 to 10

The mean levels of understanding for the definitions of Problem Solving, Research, Creativity
and Critical Thinking are 7.90, 7.51, 7.80 and 7.83 respectively. From the parallel bar chart, the
levels of understanding can also intuitively be split into three categories as follows:

Full understanding for score of 10
Moderate understanding for scores from 5 to 9 and
Limited understanding for scores from 0 to 4.

From Figure 2, it can also be observed that 91%, 89%, 91% and 86% of students have at least a
moderate or better understanding of the definition of Problem-solving, Creativity, Critical Think-
ing and Research skills, respectively.

Contribution of Activities and Resources

Research Question 2:

What is the relative contribution of the various learning components (activities and resources) of
the course to the perceived acquisition of Problem-Solving, Research, and Creative Idea Genera-
tions skills, and Critical Thinking skills?

Students were asked to assess how different activities and resources in the course have assisted
them in the development of their Problem-solving skills, Research skills, Creativity skills, and
Critical Thinking skills using the following classification: ‘A lot’ (3), ‘Moderate’ (2) and ‘Not at
all’ (1). In tabulating the results, we used this coding and the averages of ranking of students are
shown in Table 1.

These means provide us with a measure of the perceived relative influence of course elements
(activities/resources) on the development of skills. The table also presents the positive impact of
each activities / resources defined as the total proportion of answers in the categories ‘Moderate’
and ‘A lot’. The last column gives the mean perceived contribution of each activity and resource
to the combined set of skills: Research, Creativity and Critical thinking as well as the mean posi-
tive impact. We note that the results in this last column are never as high as those of the Problem-
solving skill which is an indication that although they explain a good portion of Problem-solving
skills acquisition, other skills should be identified in future research projects.
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Table 1. Students’ Perceived Contribution of Activities and Resources
to the Components of Problem-Solving (PS)

N Problem- Research Creativity Critical Aggregate
solving (R) ©) Thinking | contribution
(PS) (CT) (R,C.CT)
Mean (St. Mean (St.dev.) Mean (St.dev.) Mean Mean
dev) + impact % + impact % (St.dev.) + impact%
+ impact % + impact %
Activities
Assionments 484 [ 237(0.63) | 2.24(0.70) | 2.11(0.72) | 2.20(0.48) 2.18
g 91.7% 85.0% 78.8% 84.3% 82.7%
. 487 | 2.37(0.66) | 2.23(0.72) | 2.17((0.72) | 2.21(0.52) 2.20
Excel project 90.1% 83.4% 81.1% 82.2% 82.2%
Access profect 483 | 2.31(0.68) | 2.18(0.74) | 2.14(0.76) | 2.18(0.52) 2.17
proj 87.4% 79.7% 77.1% 81.4% 79.4%
Quiz 487 | 2.16(0.68) | 2.11(0.71) | 1.81(0.76) | 2.18(0.53) 2.03
83.5% 79.5% 59.5% 80.7% 73.2%
EISEL 487 | 2.19(0.72) | 2.07(0.75) 1.76 (0.75) | 2.13(0.52) 1.99
84.7% 75.1% 57.4% 79.4% 70.6%
Resources
365 | 2.05(0.69) | 1.95(0.64) | 1.88(0.74) | 1.95(0.48) 1.93
Textbook 78.4% 77.0% 65.7% 73.4% 72.0%
. 488 | 2.00(0.71) | 1.95(0.68) | 1.83(0.70) | 1.90(0.45) 1.89
Online book chapters 75.0% 74.5% 66.1% 71.9% 70.8%
. 484 | 2.15(0.66) | 2.10(0.66) | 1.94(0.73) | 2.07 (0.49) 2.04
Overall online system 87.7% 82.9% 70.2% 78.7% 77.3%

. 489 | 2.12(0.68) | 2.16(0.70) | 1.99(0.73) | 2.10(0.46) 2.05
Material on the Web 81.8% 82.7% 72.9% 81.4% 79.0%
Test for equality of
mean perceived contri-
bution of activities and 3.81x10% | 9.47x10"° 5.48x107! 2.65x107'¢
resources to the skill
(p-value)

Approximately 75%, (365/490 - those who answered the questions about the textbook divided by
the total sample size) of the students bought the physical textbook and, from the results in Table
2, about 78.4% of them considered that it had a positive impact on the acquisition of Problem-
solving skills. Similarly, the perceived contribution of the Online book chapters to Problem-
solving was positive, though lower at 75%. Moreover, it seems that students felt that most activi-
ties contributed more to skills improvement than did resources. In terms of the strongest positive
impact, Assignments, Excel project and Access project generally are perceived as having contrib-
uted the most to skills development. On the other hand, and not surprisingly, the Quiz, the Text-
book, the Online book chapters, and EISEL were perceived to contribute the least to the devel-
opment of creativity skills.

The last row of Table 1 includes the significance of tests for equality of mean perceived contribu-
tion of activities and resources to the skill. Given the very large sample size utilized, averages that
do not seem very different are in fact highly significantly different. Table 2 identifies the signifi-
cant differences in perceived contributions to each skill by pairs of activities and resources using
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the Tukey-Kramer post hoc test. To avoid repetition, only the results under the diagonal are pre-
sented.

When a skill is found in a cell of Table 2, it means that the corresponding pair of activities, or
corresponding pair of resources or pair of activity/resource has shown a statistically significant
mean contribution to that skill. The ‘+’ or °-* superscripts are used to indicate the direction of the
significance. A ‘-’ superscript indicates that the activity or resource in the first column contributes
less than the activity/ resource on the first row. For example in the cell corresponding Assignment
and Material on the Web, PS’ is reported, which indicates that the mean perceived contribution of
Assignment and Material on the Web to Problem Solving are significantly different, at 5%, and
more precisely, Material on the Web contributes less than the Assignments to Problem-Solving.

Table 2. Significant mean differences in students’ perceived contribution of Activities and
Resources to Problem-Solving (PS), Research (R), Creativity (C) and Critical Thinking
(CT) using Tukey-Kramer Test at 5% level of significance

Activities Resources
Assign Excel | Access | Quiz | EISEL Text | Online | Overall | Material
Book online | on Web
Book

Assign
" Excel
2
E Access
b1
<] Quiz PS,C | PS,C | PS,C

EISEL PS, R, | PS,R, C

C C
Textbook | PS, R, | PS, R, | PS, R, R, PS’,
CCTr | CCT | CCT CT CT

§ Online PS,R, | PS,R, | PS,R, | PS, PS’,
5| Book C.CT | C.CT" | C.CT | RCT" CT
§ Overall PS,R, | PS,C, | pPS, C ct PS",
& | Online C CT R*

Material PS PS,C, | PS,C, | C* c* R", | R, C",

Web CT- CT- CT' CT'

From Table 2, the following observations can be made concerning the four skills:

Problem-Solving

Examining pairs of Activities, Assignments, Excel and Access all produced significantly higher
perceived differences in Problem-Solving skill acquisition than the Quizzes, while Assignments
and Excel were also greater than EISEL.

v' (Assign, Excel, Access>Quiz),

v" (Assign, Excel>EISEL),
Examining pairs of Resources, Overall Online had a greater impact on this skill than did the
Online Book Chapters.

v (Online Book Chapters<Overall Online)
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Examining pairs of Activity / Resource, Assignments, Excel, Access and EISEL had a greater
impact than the Textbook or the Online Book Chapters. The Quiz also had a greater impact than
the Online Book Chapters. The Assignments, Excel and Access were perceived as having a great-
er effect on problem-solving than did the Overall Online or the Material on the Web.

v' (Assign, Excel, Access, EISEL>Textbook),

v' (Assign, Excel, Access, EISEL>Online Book Chapters),
v' (Assign, Excel, Access>Overall Online),

v' (Assign, Excel, Access>Material on Web),

v" (EISEL, Quiz>Online Book Chapters)

Research

Examining pairs of Activities, both Assignments and Excel were perceived as contributing more
to the development of Research skills than EISEL.

v (Assign, Excel>EISEL),

Examining pairs of Resources, Material on the Web was perceived more favorably in developing
this skill than either the Textbook or the Online Book Chapters. The latter was less favored than
the Overall Online.

v (Online Book Chapters, Textbook<Material on the Web),
v" (Online Book Chapters<Overall Online)

Examining pairs of Activity / Resource, Assignments, Excel, Access and the Quizzes all were
perceived more positively in developing Research skills than the Textbook and the Online Book
Chapters. The Assignments were also favored over the Overall Online.

v (Assign, Excel, Access, Quiz>Textbook),
v' (Assign, Excel, Access, Quiz>Online Book Chapters),
v (Assign>Overall Online)

Creativity

Examining pairs of Activities, Creativity was deemed as being significantly better supported by
Assignments, Excel and Access than by the Quizzes or EISEL,

v' (Assign, Excel, Access>Quiz),
v' (Assign, Excel, Access>EISEL),

Examining pairs of Resources, Material on the Web more supportive than the Online Book Chap-
ters.

v (Online Book Chapters<Material on Web)

Examining pairs of Activity / Resource, the Assignments, Excel and Access were perceived to
contribute more to this skill development than the Textbook, the Online Book Chapters or the
Overall Online. EISEL was considered to contribute less than the Overall Online or the Material
on the Web, while Excel, Access and the Quiz were considered to contribute more than Material
on the Web.

(Assign, Excel, Access>Textbook),

(Assign, Excel, Access>Online Book Chapters),
(Assign, Excel, Access>Overall Online),
(Excel, Access>Material on Web),

(EISEL, Quiz<Material on the Web),
(EISEL<Overall Online)

ASANENENENEN
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Critical Thinking

Examining pairs of Activities, it was found that no activities were perceived to contribute differ-
ently to critical thinking skills development.

Examining pairs of Resources, Material on the Web was perceived as contributing more to the
development of critical thinking than the textbook, and the online book chapters contributed less
than the Material on the Web or Online Overall.

v" (Textbook, Online Book Chapters<Material on the Web),
v (Online Book Chapters< Online Overall)

Examining pairs of Activity / Resource, Assignments, Excel, Access, the Quizzes, and EISEL
were all perceived to provide better support than the Textbook or Online Book Chapters to the
development of critical thinking. Excel and Access additionally were perceived to be more sup-
portive than Material on the Web. Excel was also more supportive than Overall Online.

v' (Assign, Excel, Access, Quiz, EISEL>Textbook),

v" (Assign, Excel, Access, Quiz, EISEL>Online Book Chapters),
v" (Excel>Overall Online),

v' (Excel, Access>Material on Web)

From Table 2, the following observations can also be made concerning the Activities, Resources
and Activities/Resources:

Activities

Assignments and Excel provided better support than EISEL of all the skills except for Critical
Thinking, for which no differences were found. They were also better than Quiz for Problem-
Solving and Creativity. Access was better than the Quiz for Problem-Solving and Creativity and
also better than EISEL for Creativity.

Problem-Solving - Activities
v' (Assign, Excel, Access>Quiz),
v (Assign, Excel>EISEL),

Research - Activities
v (Assign, Excel>EISEL),

Creativity - Activities
(Assign, Excel, Access>Quiz),
(Assign, Excel, Access>EISEL),

AN

Critical Thinking - Activities
v" none contributed

Resources

The Overall Online System provided better support than Online Book Chapters for all skills, ex-
cept for Creativity. Material on the Web provided better support than the Online Book Chapters
and the Textbook for Research and Critical Thinking and also better than the Online Book Chap-
ter for Creativity.

Problem-Solving - Resources
v (Online Book Chapters<Overall Online),
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Research - Resources
(Online Book Chapters, Textbook<Material on the Web),
(Online Book Chapters<Overall Online)

AN

Creativity - Resources
v" (Online Book Chapters<Material on the Web),

Critical Thinking - Resources
v (Textbook, Online Book Chapters<Material on the Web),
v" (Online Book Chapters< Online Overall)

Activities/Resources

Assignments, Excel and Access provided better support than the Textbook and Online Book
Chapters for all the skills. EISEL and Quiz were also better than Online Book Chapters for Prob-
lem-Solving and Critical Thinking. Excel is better than Overall Online System and Material on
the Web, except Research. This is the same result for Access compared to Material on the Web.
Assignments and Access are better than Overall Online System for Problem-Solving and Crea-
tivity, while Assignments is also better for Research. Quiz is better than Textbook and Online
Book Chapters for Critical Thinking and Research. Material on the Web and Overall Online Sys-
tem are better than EISEL for Creativity, and Material on the Web is also better than the Quiz for
Creativity but Assignments are better than Material on the Web for Problem-Solving.

Problem-Solving — Activities/ Resources
(Assign, Excel, Access, EISEL>Textbook),
(Assign, Excel, Access, EISEL>Online Book Chapters),
(Assign, Excel, Access>Overall Online),
(Assign, Excel, Access>Material on Web),
(EISEL, Quiz>Online Book Chapters)

ANANENENEN

Research — Activities/ Resources

(Assign, Excel, Access, Quiz>Textbook),

(Assign, Excel, Access, Quiz>Online Book Chapters),
(Assign>QOverall Online)

ANANEN

Creativity — Activities/ Resources

(Assign, Excel, Access>Textbook),

(Assign, Excel, Access>Online Book Chapters),
(Assign, Excel, Access>Overall Online),
(Excel, Access>Material on Web),

(EISEL, Quiz<Material on the Web),
(EISEL<Overall Online)

ASENENENENEN

Critical Thinking — Activities/ Resources

(Assign, Excel, Access, Quiz, EISEL>Textbook),

(Assign, Excel, Access, Quiz, EISEL>Online Book Chapters),
(Excel>Overall Online),

(Excel, Access>Material on Web)

DN

These comparisons have implications for the design of web-based learning content.
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Perceptions and Understanding of the Definitions of
Components of Problem-Solving

Research Question 3:

Is the understanding of the definitions correlated with the perceived contributions of the learning
components (activities and resources) of the course to the skills development?

As it is unknown whether the understanding of the definitions could be correlated to the students’
perceived acquisition of problem-solving skills and its components, the definitions of which may
not be uniformly understood, a correlation analysis is presented in Table 3. Researchers often use
these terms interchangeably so some correlation could be expected.

We note that most correlations are not significantly different from O at the 5% level, except in the
cases of problem-solving and creativity. The perceived contributions of the Assignments and
Access project to problem-solving seem to increase with the understanding of the definition.

Table 3. Correlations Between Understanding of Skills Definition and Perception of
Contribution of Activities/ Resources to that Skill

Understanding of definitions of skills

Problem-solving  Research ‘ Creativity | Critical Thinking
Activities
Assignments 0.135% 0.074 -0.037 0.020
Excel project 0.075 0.036 0.005 0.053
Access project 0.094* 0.080 -0.031 0.058
Quiz 0.047 0.050 -0.090* 0.042
EISEL -0.012 0.003 -0.107* 0.034
Resources
Textbook -0.048 0.028 -0.077 -0.088
Online Book Chapters 0.015 0.287 -0.076 0.010
Overall Online System 0.060 0.053 -0.025 0.046
Web Material 0.009 0.090 -0.026 -0.023
* Correlation significantly different from 0 at 5% level

On the other hand, the perceived contributions of the quizzes and of EISEL to creativity seem to
decrease with the understanding of the definition of creativity. As students’ understanding of the
definition of Creativity increases, their perceptions of the contribution of Quizzes and EISEL
decrease. Although these correlations are significant, they are weak in value, they are suggestive
of some associations, but should be used with cautious.

Relationship of Research, Creativity and Critical Thinking to
Problem-Solving

Research Question 4:

To what extent is perceived Problem-solving skill acquisition explained by the acquisition of the
other three skills?

In this research, we also hypothesize that the Problem-solving skill will be partially explained by
three other skills, namely, Research, Creativity and Critical Thinking. As noted previously from
Table 1, the results combining these three skills are never as high as those of the Problem-solving
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skill which is an indication that although they explain a good portion of Problem-solving skills
acquisition, they don’t explain all of it. This is supported by Table 4 where multiple regressions
show that the variation in the perceived contribution to Problem-solving skills is strongly ex-
plained by the regression on the three other perceived contributions. The variables in Table 4 are
presented using the following notation: ASS PS corresponds to the perceived contribution of the
Assignments to Problem-Solving, etc.

Table 4. Regression models to Predict the Perceived Contribution to Problem-Solving (PS)

Skill using the perceived contribution to Research (R), Creativity (C) and Critical Thinking
(CT) skills as predictors for each Activity and Resource

| R® | AdjR? | N | *msP

ACTIVITY_SKILL stands for the perceived contribution of the

AL ACTIVITY to the SKILL development

IASS PS = 0.8957 +0.26379 ASS R +0.24742 ASS C+
ASS** 0.1656 ASS CT 40.48% 40.09% 469 R
t-ratio of each predictor: 6.80, 5.73, 3.71

EXCE PS = 0.5906 + 0.3452 EXCE R + 0.1888 EXCE C +
EXCE** 0.2690 EXCE CT 55.76% | 55.48% | 474 R
t-ratio of each predictor: 9.70, 4.75, 7.13

IACCE _PS = 0.5779 +0.2435 ACCE_R +0.2616 ACCE_C +
ACCE** 10.2939 ACCE CT 54.20% 53.90% 468 CT/R
t-ratio of each predictor: 6.88, 6.45, 6.89

QUIZ PS = 0.5082 +0.2329 QUIZ R +0.2675 QUIZ C +
QUIZ** 0.3116 QUIZ CT 50.47% 50.15% | 472 CT
t-ratio of each predictor: 6.57, 7.35, 8.16

EISL PS = 0.5701 +0.2656 EISL R +0.1571 EISL C +
EISL** 0.3727 EISL CT 44.36% 44.01% 470 CT
t-ratio of each predictor: 6.72, 3.77, 8.54

RESOURCE_SKILL stands for the perceived contribution of the

Resources | e SOURCE to the SKILL development

TB PS= 0.6112+0.1889 TB R+ 0.3978 TB_C + 0.1650
TB** TB CT 43.34% | 42.85% | 353 C
t-ratio of each predictor: 3.65, 7.86, 3.02

OB PS = 0.4503 +0.3156 OB R+ 0.3077 OB_CT + 0.1979
OB** OB CT 43.24% | 42.87% | 473 R
t-ratio of each predictor: 7.28, 6.35, 3.80

ONLS PS = 0.5299 +0.2180 ONLS_R +0.3396 ONLS C +
ONLS** 10.2430 ONLS CT 54.57% 54.28 468 C
t-ratio of each predictor: 5.62, 8.31, 5.63

MAT PS = 0.2330 +0.3357 MAT_R +0.2800 MAT C +
MAT** 0.2859 MAT CT 63.67% | 63.44% | 477 R
t-ratio of each predictor: 9.60, 7.02, 6.89

LEGEND : ASS: Assignments, EXCE: Excel Case Project, ACCE: Access Case Project, EISL: EISEL, TB: Text-
book, OB: Online Book Chapters, ONLS: Overall Online System, MAT: Material on the Web

* MSP: Most Significant Predictor

** the significance of the overall regressions is below 107 at and each coefficient is significant at 0.003

We note that all multiple regressions are highly significant with p-values lower than 0.000001,
which means that perceived contributions of activities and resources to Problem-solving skills are
partially explained by their contribution to Research, Creativity, and Critical Thinking. Also all
regression coefficients in each of the nine multiple regressions are highly significant as indicated
by the t-ratios corresponding to each predictor. The most significant predictor for each regression
is identified as the predictor with the smallest p-value corresponding to the largest t-ratio in abso-
lute value. Therefore, Problem-solving stands on three legs: Research, Creativity, and Critical
Thinking, as had been hypothesized; however, the coefficients of determination indicate that they
do not tell all the story, other factors are also at play and need further research. For example, in
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the first regression in Table 4, the coefficient of determination is 40.09%, which means that the
variation in the perceived contribution of Assignments to Problem-Solving is explained by the
perceived contribution of Assignments to Research, Creativity, and Critical Thinking

Focusing in on the impact of the activities and resources on problem-solving, we obtain that
55.76% of the variation in the perceived contribution of the Excel project to Problem-solving
skills is explained by the contribution of the Excel project to Research, Creativity, and Critical
Thinking, where Research is the most significant predictor. Similarly 54.2% of the variation in
the perceived contribution of the ACCESS project to Problem-solving skills is explained by the
contribution of the three skills and Critical Thinking and Research are the most equally important
predictors.

The perceived contributions to Problem-solving skills of the other activities: Assignments, Quiz
and EISEL are also partially explained (40.48%, 50.47% and 44.36% respectively) by their per-
ceived contributions to the three skills, where Research and Critical thinking are, respectively, the
most significant predictors.

As for the resources in the course, we note that the perceived contribution of the Web material to
Problem-solving is explained more (63.67%) by its perceived contributions to the other three
skills than by the perceived contribution of any other resources (43.34%, 43.24% 54.57% and
44.36%) and even activities. The most significant predictor is Research, which could be explained
by the fact that students have to search the course content and distinguish between important and
less important elements of the course. Similar results are found for the Online book chapters but
to a lesser extent when we consider its coefficient of determination, 43.24%. For the Textbook
and the Overall online system, Creativity is the most significant predictor, while for EISEL, Criti-
cal Thinking is most significant.

The above multiple regressions of Table 4 support the hypothesis that Problem-Solving stands on
the three legs of Research, Creativity and Critical Thinking.

Discussion

Results of the study indicate that the definitions of the skills employed, which were based on the
literature, are reasonable. (Beachboard & Aytes, 2013; Brookhart, 2010; Collins, 2014; Eisenberg
& Berkowitz, 1988; King et al., 1998; Lewis & Smith, 1993; Pascarella & Terenzini, 2005; Ti-
runeh et al., 2014). Students had a very good understanding of the definition of the skills as artic-
ulated. Level of understanding varied across the skills and in general among students, but more
than 85% of students had at least a moderate or better understanding while less than 15% had
limited understanding of the terms. Research skills, with an average understanding of 7.5, was the
least understood, however, this could be due to the fact that this is a group of mainly first year
undergraduate students, with limited research exposure.

Certain activities and resources were perceived to contribute more than others, which were the
Assignments and the Excel and Access projects. This supported prior findings (Morin et al.,
2012). The Quiz, the Textbook, the Online book chapters, and EISEL, were perceived to contrib-
ute the least to the development of creativity skills. This is not surprising since these are practice
tools and not primarily tools that develop creativity. The relationship is very small but significant,
which again must be treated cautiously. It also seems from the regression analysis that the per-
ceived contribution of the Activities to Problem-Solving skills is largely explained by Research
and Critical Thinking skills, while for Resources it is Research and Creativity.

As the understanding of the definition of Problem-Solving increases, the perceived contribution
to this skill, of the Assignment and Access project also increase. On the other hand, as the defini-
tion of Creativity increases, the perceived contribution of the Quiz and EISEL decreases. The fact
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that students’ perceptions increased with understanding of some constructs, suggests that students
do not always know what they are learning, and that, when they do, they appreciate it more. Un-
derstanding and learning begets more understanding and learning, however, since those correla-
tions are weak though significant, the results must be treated with caution but are still indicative
of the direction.

The perceived contribution of an activity or a resource to Problem-Solving can be decomposed
into three parts, which are the perceived contribution to Research, to Creative Idea Generation,
and to Critical Thinking. The regression analyses, therefore, supported the hypothesis that Re-
search, Creative Idea Generation and Critical Thinking are strong supporting legs of Problem-
Solving, but did not tell the full story. Other factors are involved and need further investigation
and elaboration. Some possibilities may include analytical, logical, reflective, metacognitive,
decision-making and time management skills.

In the case of Assignments, Excel and Access, Online Book Chapters and Material on the Web,
the perceived contribution to Research Skills was the strongest leg of the tripod, the most signifi-
cant predictor of perceived Problem-Solving skills, while for Access, Critical Thinking is equally
important. The findings could be explained by the fact that, as these activities and resources can
be considered project-based, students have to search the course content and distinguish between
important and less important elements of the course in order to apply them to the particular tasks
at hand.

For Quizzes and EISEL, which are practice, learning tools, the most significant predictor of per-
ceived Problem-Solving skills is the perceived contribution to Critical Thinking skills, which
makes it the strongest leg of the tripod, which is in line with prior studies. The fact that students
have to actively engage in using these tools to acquire and demonstrate their learning may explain
their increased perception of contribution to critical thinking. When it comes to the Textbook and
the Overall Online System, the strongest leg of the tripod is the perceived contribution to Creativ-
ity skills, which was the most significant predictor of perceived Problem-Solving skills. No ready
explanation of this finding presents itself at this point.

These results of the study have implications for the design of web-based delivery of learning con-
tent. Understanding those aspects of a course that can contribute to developing problem-solving
skills, and the other supporting skills — research, creativity, and critical thinking — can assist in
this process and need further study. It is interesting that Research and Critical Thinking are
grouped, as are Problem-solving and Creativity. Also, the fact that there are differences in the
perceived contribution of the various activities and resources to the acquisition of higher-order
skills has implications for the design of the content for web-based learning.

In summary, the following recommendations emerged:

» The Assignments, Excel and Access were perceived to be more supportive of the development
of all the thinking skills than either the Textbook or the Online Book Chapters.

» Examining those supportive of three skills, the Assignments and Excel were more supportive
than EISEL or Overall Online for developing Problem-Solving, Research, and Creativity while
Excel and Access were more supportive than Material on the Web in developing Problem-
Solving, Creativity, and Critical Thinking. Excel was also more supportive than Overall
Online in developing these skills. The Quizzes were more supportive of Problem-Solving, Re-
search, and Critical Thinking than the Online Book Chapters, which were themselves more
supportive than the Overall Online. In developing Research skills, Critical Thinking, and
Creativity, the Online Book Chapters were perceived to be more supportive than Material on
the Web. Other pairs of activities/resources showed significantly different support of either
one or two skills.
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» Assignments, Excel, Access showed significant differences in developing Problem-Solving
and Creativity over Quizzes, EISEL, Textbook, Online Book Chapters, Overall Online, and
Material on the Web.

» Assignments, Excel, and Access were more supportive of Research and Critical Thinking than
the Textbook and Online Book Chapters, and Online Book Chapters more supportive than
Overall Online and Material on the Web. The Textbook was also more supportive than Materi-
al on the Web. The Assignment and Excel were more supportive of Research than EISEL, and
Assignments also more supportive than Overall Online, while Excel and Access were more
supportive of Critical Thinking than Material on the Web, and Excel more supportive than
Overall Online.

» Quizzes and EISEL were perceived as more supportive of Critical Thinking than the Textbook
or Online Book Chapters, as was the Textbook and Online Book Chapters over Material on the
Web. The Online Book Chapters were also more supportive of this skill than Overall Online.
EISEL was more supportive of Problem-Solving than the Textbook and the Quizzes than the
Online Book Chapters, while the Online Book Chapters were more supportive than Overall
Online. The Quizzes, EISEL and the Online Book Chapters were more supportive of Creativi-
ty than Material on the Web, and the EISEL was also more supportive than Overall Online.

The overall results point to the importance of incorporating assignments and Excel and Access
projects in the development of the higher-order skills in Information Technology courses. Other
activities and resources support the student in accomplishing these tasks but play a lesser role in
developing these skills. As there is a tendency in online learning to put emphasis on rote memori-
zation and true and false type questions for imparting and measuring learning, these results sug-
gest more effort needs to be made to integrate more robust problem-solving tasks, even in an
online context.

Conclusion

The body or research work related to higher order thinking skills and online learning is scarce.
Research on critical thinking, problem-based learning, and creativity and research skills is exten-
sive; however, few address them in the context on online learning. Of significant importance, a
handful of researchers were found who explored the concepts of critical thinking and problem-
based learning in web environments. In problem-based learning four researchers began to exper-
iment with wikis and forums, unguided group research, multimedia, web 2.0 tools, and the use of
second life (Beaumont, Savin-Baden, Conradi, & Poulton, 2014; loannou, Brown, & Artino,
2015; Liu et al., 2014; Walker, 2014). In critical thinking, five recent articles were found where
researchers explored web-based seminars, web 20 tools and mobile learning in nurse’s education,
web-based graduate management courses, and wikis (Condon & Valverde, 2014; Eales-Reynolds,
Gillham, Grech, Clarke, & Cornell, 2012; Garcia & Hooper, Jr., 2011; Goh, 2012; Lai & Wu,
2012). It is evident that problem-based learning in online (or web-based) environment is the most
recent subject to be addressed and interest in general seems to be increasing. It must be stressed,
though, that these recent works in critical thinking and problem-based learning in online envi-
ronments are primarily descriptive and addressed issues such as practices and strategies with little
analytics/statistics. Moreover, most of these studies were in context different than higher educa-
tion, such as nurse training, teacher education, elementary school students, and pre-service teach-
ers.

The authors are not aware of other studies which have looked at the elements of this research in
quite the way presented in this study and the results found suggest the need for further study and
elaboration of these ideas. Possible expansions of this study include looking at the effect of team-
building skills on the elements of problem solution, which is the topic of a subsequent paper, as
well as expanding the types and number of questions used in the survey. In a recent study (Tsai &
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Chiang, 2013) where a review of research in problem-based learning in online education envi-
ronment was performed, the authors report on the number of publications per target student
groups. What is interesting is that over the 8 year period 63 articles were published, giving an
average of 8 articles per year. If only higher education students are considered, the number of
publications falls by around 25%. Needless to say, research in online education and problem-
based learning is scarce, even more so if one considers problem-solving skills acquisition in par-
ticular. Conducting a small research on Google Scholar on higher-order thinking and eLearning
resulted in less than 10 articles over the past 5 years.

It is clear that the study of various higher-order thinking skills in eLearning environments (online
education) is scarce; therefore, any insights that can be used to further our understanding via
comparative synthesis are rare and therefore make our task the more difficult. However, in a
study performed by Fox & Mackeogh (2003) on eLearning’s ability to promote higher-order
learning via different pedagogical methods, it was suggested that given the appropriate pedagogi-
cal design, students can develop effective ways of engaging with the online course activities
showing evidence of engaging in higher-order learning. This is in-line with the present study
findings, as well as prior research by the authors (Morin et al., 2014; Saadé et al., 2012; Thomas
& Morin, 2010), and supports the results that pedagogically sound online activities can engage
students in higher-order learning. As one would expect, (Schmid, et al., 2014), pedagogy is more
important than the medium of delivery. The fact that these research results indicate that Problem-
Solving is supported by the tripod idea of Research, Creative Idea Generation, and Critical Think-
ing opens another avenue for research into effective online pedagogy.
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	Abstract 
	This article investigates students’ perceptions of the relationship between Problem-Solving and the activities and resources used in a Web-based course on the fundamentals of Information Technology at a university in Montreal, Canada. We assess for the different learning components of the course, the extent of perceived problem-solving skills acquisition including research, creativity and critical thinking skills. The course entailed two categories of learning, namely resources-based and interactive components. The study aimed at answering the following questions: 1) To what extent do students understand the definitions of Problem-solving, Research, and Creative Idea Generation skills, and Critical Thinking skills? (2) What is the relative contribution of the various learning components (activities and resources) of the course to the perceived acquisition of Problem-Solving, Research, and Creative Idea Generations skills, and Critical Thinking skills; (3) Is the understanding of the definitions correlated with the perceived contributions of the learning components (activities and resources) of the course to the skills development? (4) To what extent is perceived Problem-solving skill acquisition explained by the acquisition of the other three skills?
	Keywords: critical thinking skills, information technology, problem-solving, web-based learning 
	Introduction
	The research presented here concerns the role that web-based learning may be able to play in students’ perceived acquisition of problem-solving skills from the activities and resources in an entirely online course. Prior research has indicated that the activities and resources in a course can impact students’ perceptions of their acquisition of various higher-order learning skills, including problem-solving (Morin, Thomas & Ly, 2014; Morin, Thomas, & Saadé, 2012; Saadé, Morin & Thomas, 2012; Thomas & Morin, 2010). Additionally, Davis (1989) has shown that user’s intention to use a system is tied to their perceptions, while Keengwe (2007) and Koohang & Durante (2003) found that a relationship exists between students’ personal computer proficiency and students’ perceptions of the effect of computer technology to improve their learning. Song, Singleton, Hill, & Koh (2004) focused on students’ perceptions as a way to improve online or distance learning. Perceptions are, therefore, important considerations when integrating technology into learning, especially virtual learning. 
	Some level of web-based learning has now become the norm rather than the exception.  Even classes that principally use a traditional classroom, lecture approach to delivery often integrate some level of web-based learning via course management systems, often referred to as blended learning. At the other end of the spectrum of delivery methods is the completely online, virtual delivery of course content, which is the focus of the research presented here. This delivery method is expected to have some impact on the students’ ability to acquire problem-solving skills deemed essential for navigating life and achieving successful career paths.
	A distinction has to be made between Problem-Solving and Problem-Based Learning. Problem-Based Learning is a teaching method that uses problems specifically designed to foster problem-solving skills, among other higher-order thinking skills (Baturay & Bay, 2010; Liu, et al. 2014; Tsai & Chiang, 2013).  Problem-Solving, in contrast, is the outcome that is achieved by any teaching method employed, which may or may not include problem-based learning. 
	Compared to problem-based learning, the body of knowledge for problem-solving in higher education is significantly less. In this paper the focus is on problem-solving defined as “deriving alternatives and solutions for complex problems/ issues with incomplete information”, as supported by research skills, creativity, and critical thinking, regardless of teaching method. This definition is based on a number of researchers who have built on each other’s work and around which there is much overlapping of ideas. According to Hennessey, McCormack, & Murphy (1993) and ITS Education Asia (2014), problem-solving requires a controlled mixture of analytical and creative thinking.  In Bloom’s Taxonomy of learning, problem-solving encompasses analysis, synthesis, evaluation, and in the revised taxonomy it encompasses analyzing, evaluating, and creating (Anderson & Krathwohl, 2001; Bloom & Krathwohl, 1956). Missing from these and other taxonomies, however, is the requisite need for researching the problem and the potential solutions (Jonassen, 1997, Saadé et al., 2012). Before doing any sort of analysis, synthesis, or evaluation, it is necessary to either proactively search out problems and solutions before they occur or to conduct research surrounding particular problems that do occur.  These are articulated in Land & Green (2000) who are referencing Moore, 1995, as: 
	…identifying information needs; locating corresponding information resources; extracting and organizing information from each source; and synthesizing information from a variety of sources into cogent, productive uses (Moore, 1995). (p.45) 
	In their case study, Oldenburg & Hung (2010) found nursing students focused mostly on information gathering, with less attention to problem recognition, construction of meaning, and problem resolution. 
	Problem-solving, then, can be viewed as an umbrella term, supported by a tripod of skills encompassing research, creative idea generation (referred to interchangeably as creativity throughout the paper for simplicity), and critical thinking (Thomas, 2001), but this may not tell the whole story as shown in Figure 1. 
	Figure 1. Problem-Solving Tripod or Four-legged Stool? 
	This study provides two significant contributions. (1) At a macro level, it provides an understanding of the relationship of problem-solving to its proposed sub-components of research, creative idea generation, and critical thinking skills in the online learning context (higher education); (2) At a micro level, it identifies the kinds of resources and activities that foster / require these problem-solving skills. 
	With this knowledge, practitioners (teachers and online courses designers) can design and implement better online (web-based) courses by integrating learning tools to foster the development of problem-solving, and associated research and creative idea generation skills, and critical thinking skills. 
	Literature Review 
	It goes without saying that the purpose of higher education is to provide students with the capacity for higher-order thinking and learning. This does not change when the medium of delivery changes. According to Lewis and Smith (1993), higher-order thinking: 
	…occurs when a person takes new information and information stored in memory and interrelates and/or rearranges and extends this information to achieve a purpose or find possible answers to perplexing situations. A variety of purposes can be achieved through higher-order thinking… Deciding what to believe; deciding what to do; creating a new idea, a new object, or an artistic expression; making a prediction; and solving a non-routing problem. (p.136)
	Summarizing the ideas of heavyweights in the field, such as Piaget, Bloom, Gagne, Marzano, Glaser, Vygotsky, Haladyna, & Gardner, the authors King, Goodson, & Rohani (1998) propose that higher-order thinking includes critical, logical, reflective, metacognitive, and creative thinking. Developing these skills requires distinguishing important from unimportant information, integration and interpretation of information, critical thinking and problem-solving, and time and effort management. Lewis & Smith (1993) suggest it includes critical thinking, problem-solving, decision-making, and creative thinking. In her review of the literature, Collins (2014) recognizes three schools of definitions of higher-order learning provided by Brookhart (2010): those who view it as transfer – being able to apply what has been learned to new situations or conditions, those who view it as critical thinking – being able to make sound decisions and exercise reasoned judgment, and those who view it as problem-solving – being able to arrive at an outcome or goal in the absence of a readily recognized pre-defined path or solution. In Tiruneh, Verburgh, and Elen (2014) skills and dispositions are differentiated. 
	The thorniness of this issue for educators, and its measurement, is evident from the above discussion and is aptly articulated in King et al. (1998): 
	The challenge of defining “thinking skills, reasoning, critical thought, and problem solving” has been referred to as a conceptual swamp in a study by Cuban (as cited in Lewis & Smith, 1993, p. 1), and as a “century old problem” for which “there is no well-established taxonomy or typology” (Haladyna, 1997, p. 32). In addition, explanations of how learning occurs have been viewed as inadequate, with no single theory adequately explaining “how all learning takes place” (Crowl, Kaminsky, & Podell, 1997, p. 23). (p. 7)
	Of these elements of higher-order learning identified, critical thinking is the concept most often cited and researched (Saadé et al., 2012). Critical thinking according to Pascarella & Terenzini (2005), as cited in Tiruneh, Vergurg, & Elen (2014), refers to:
	 …an individual’s ability to do some or all of the following: identify central issues and assumptions in an argument, recognize important relationships, make correct inferences from data, deduce conclusions from information or data provided, interpret whether conclusions are warranted based on given data, evaluate evidence or authority, make self-corrections, and solve problems. (p. 2)
	Meta-analyses in the area suggest that combining opportunity for dialogue, exposure to and practice with authentic inquiry-based, real-world and situated problems and examples, participation in open-ended discussions, and mentoring lead to enhanced generic critical thinking skills (Abrami et al., 2014; NC State University, 2014), while a meta-analysis conducted by Gellin (2003) found student involvement in Greek life, clubs and organizations, faculty and peer interactions, living on campus, and employment resulted in increased critical thinking.
	There is a scant body of research work on problem-solving per se, especially in virtual learning environments, as opposed to problem-based learning for which there is ample research. Problem-solving, as an outcome or dependent variable, is not to be confused with problem-based learning, which is an input or independent variable. Problem-Based Learning, as stated before, is a teaching method that uses problems specifically designed to produce problem-solving skills, among other higher-order thinking skills. In other words, it is an input variable designed to produce the outcome variables. Research in this area focuses, for instance, on how a particular problem-based learning teaching method or strategy may impact on a student’s perceptions or achievement or intentions (Alamro & Schofield, 2012; Baturay & Bay, 2010; Hsu, Hwang, Chuang, & Chang, 2012; Oldenburg & Hung, 2010), or how technology to support this teaching method affects these outcomes (Lan, Tsai, Yang, & Hung, 2012; Land & Green, 2000; Shen, Lee, & Tsai, 2011; Stewart, MacIntyre, Galea, & Steel, 2007; Taplin, 2000). 
	Problem-Solving skill, on the other hand, is the outcome that is achieved by any teaching method employed, which may or may not include problem-based learning, and research surrounding it may not necessarily examine the teaching method at all. When problem-solving as an outcome variable is examined, performance is often used as a surrogate measure. It is usually a measure of scores on exams or assignments and research results that are available have been contradictory. A meta-analysis of studies from 1995-2004 conducted by Jahng, Krug, & Zhang (2007) found no differences in student achievement between online distance education and face-to-face, while Means, Toyama, Murphy, Bakia, & Jones (2009), looking at studies from 1996-2008, found online delivery outperformed face-to-face delivery. In the studies examined by Sitzmann, Kraiger, Stewart, & Wisher (2006), web-based learning was found to be 6% more effective in conveying declarative knowledge than the traditional classroom delivery; however, this disappeared if the same instructional method was applied in both delivery settings. There was no difference in conveying procedural knowledge nor in the satisfaction of students. Looking at achievement and attitude outcomes from 1105 studies, Schmid et al. (2014) found subject matter, degree of difficulty in technology use and pedagogical use of technology to be predictors of these outcomes. They also found that cognitive support tools produced better results than presentation support tools. 
	The potential for inconsistencies in meta-analysis research results, according to Bernard (2014) and Phipps & Merisolis (1999), among other things, arises from questionable research quality due to lack of control of extraneous variables, non-randomization of subjects, questionable reliability and validity of instruments and lack of control of the feelings and attitudes of students and faculty, and various biases. Drawing definitive conclusions is therefore difficult. (See Morin et al., 2014, and Thomas, Morin, & Ly, 2014, for a summary of various meta-analyses in the field, in the area of online and blended learning versus traditional learning, though not all are specifically concerned with problem-solving.) 
	According to the definition of decision-making given by Beachboard & Aytes (2013), and supported by others (Johnson, Archibald, & Tenenbaum, 2010; Pedaste, Pentjärv, & Sarapuu 2003), when it comes to scholastic and professional performance, problem-solving is a key skill that individuals need in order to succeed, to achieve the requisite level of decision-making for the task.
	Decision-making is directly associated with selecting one course of action among two or more possible alternatives. Decision-making is driven by a desire to solve problems or exploit opportunities. A problem refers to some type of event that requires a response to avoid a negative consequence. Conversely an opportunity is an event or situation where a response is required to make something desirable happen. (Beachboard & Aytes, p. 16)
	The Big Six information problem-solving process proposed by Eisenberg & Berkowitz (1988) suggests that problem-solving requires defining the task and identifying the information needed to solve it, determining sources for the information, locating the sources and the information, extracting the information, synthesizing the information, and evaluating the information. It is regarded as one of the most important skills needed to be able to handle the novel, changing requirements of any job function, and in the current information age, how to bring technology to bear on this problem-solving (Hennessy, Mccormick, & Murphy, 1993). As Eisenberg & Johnson (1996) noted, this means going beyond the how of technology use, to the when and why, what they refer to as true computer literacy. That means: 
	…knowing the basic operations, terminology, and maintenance of equipment; knowing how to use computer-assisted instructional programs and other specialized, task-specific applications; having a knowledge of the impact of technology on careers, society, and culture; knowing computer programming. (p. 1) 
	The acquisition, understanding, and use of knowledge require various learning strategies, meta-cognitive skills and the desire to use them. In order to learn in the academic environment, as well as to perform well later in the workplace, students need the skills to acquire, absorb, and transfer knowledge efficiently and effectively (Eisenberg & Berkowitz, 1988). This implies being able to apply problem-solving skills, associated research and creative idea generation skills, and critical thinking skills to situations as they arise.
	From the above discussion, there is an evident need for students to develop problem-solving skills, and there is also evidence of support for the idea that problem-solving skills are undergirded by research skills, critical thinking skills, and creativity skills. Past research has focused mostly on differences in delivery methods rather than on an examination of the components of problem-solving, with its associated research, creative idea generation skills, and critical thinking skills, as is being proposed in the model presented here. As a general concept, higher-order thinking skills have been considered important skills to develop, critical thinking being the one most researched as noted previously (Saadé et al., 2012), but not in association with the other skills identified here and not as a supporting leg of problem-solving. The current research proposes that critical thinking should be considered as a supporting leg of problem-solving. There is potentially additional challenge in attempting to develop these skills in a virtual environment, without the usual face-to-face interaction where immediate feedback and assistance are available. There is little research in this area, hence the focus being given to it in this paper.
	Methodology
	As the authors are not aware of other research that has looked into these ideas, the purpose of the research presented here was to investigate what observations could be made about students’ perceptions of their acquisition of an important aspect of higher-order learning, namely, problem-solving, and the supporting research, critical thinking and creative idea generation skills, from the various activities, resources and technologies used in the course. 
	With this in mind, the following research questions were investigated:
	1. To what extent do students understand the definitions of Problem-solving, Research skills, Creative Idea Generation skills, and Critical Thinking skills? 
	2. What is the relative contribution of the learning components (activities and resources) of the course to the perceived acquisition of Problem-solving, Research skills, Creative Idea Generation skills, and Critical Thinking skills?
	3. Is the understanding of the definitions correlated with the perceived contributions of the learning components (activities and resources) of the course to the skills development? 
	4. To what extent is perceived Problem-solving skill acquisition explained by the acquisition of the other three skills? 
	In this paper, the following definitions are used (Thomas, 2001).
	Problem-solving: deriving alternatives and solutions for complex problems/issues with incomplete information, this is built on:
	(1) Research skills: investigating, finding, and synthesizing information from multiple sources; 
	(2) Creative idea generation: ideas that are novel or unique; and 
	(3) Critical thinking: analysis, inference, reasoning, evaluation, explanation, interpretation. 
	A questionnaire was devised and administered to determine how problem-solving skills were perceived in an online information technology course. In specific, students in an entirely virtual, online course were asked to provide a subjective assessment of the extent to which they felt various activities, resources, and technologies supported their acquisition of problem-solving skills and its supporting legs – research skills, critical thinking skills, and creative idea generation skills. 
	The Procedure

	The course used in this study is “Fundamentals of Information Technology and Business Productivity” and is offered by the business school. The course includes the following subjects: Understanding computer parts; Making the most of Web resources; Application software; Operating systems; Utility programs; Hardware; Networking; Securing your computer and digital data; Microsoft Excel; and Microsoft Access. Microsoft Excel and Access constitute 50% of the course and are task based using the SAM tool (http://sam.cengage.com). This task-based component of the course entails pre-assessment, training, and post-assessment of skills which are later strengthened by a problem-based mini case. Learning the IT knowledge areas (subjects) identified is done through an ebook, a set of videos and audio files, and EISEL (an interactive questioning tool). Students are assessed by quizzes and 2 exams. The first exam covers the first half of the book and the second covers the second half. 
	This course is offered to all students entering the business school who do not meet information technology admission requirements, that is, do not have the pre-requisite knowledge of information technology fundamentals. At the same time, many students from other faculties can take this course as an elective. Approximately, 50% of the students who take the course are from outside of the business school. The course is completely online with no face-to-face contact with the teaching assistant or the professor. There are, however, weekly office hours held by the teaching assistant of which only a few students take advantage (as experienced and noted in the last five years). Approximately 2700 students enroll in this course every year.
	From an instructional design perspective, the course included practice quizzes, readings, proctored exams, video and audio, business problem-solving cases, Excel and Access simulations and assignments. In essence the course entailed many activities that require students to not only learn the content but also establish interconnections between them to specific context. Pedagogically speaking, the course is primarily based on the cognitivist approach. Ever since the 1950’s, psychologists and educators have stressed the complex cognitive processing that occurs during the act of learning. Learning is equated with discrete changes between states of knowledge, and the acquisition of knowledge is described as a mental activity that entails internal coding and structuring by the learner (the learner is an active participant in the learning event). To that end, cognitive theories and cognitive-based activities are considered more appropriate for explaining complex forms of learning such as reasoning, critical thinking and problem-based learning.
	In such a course, the fundamental premise to establish a cognitively supported online environment is the inclusion of many activities (independent or semi-independent) that students can engage with, and in doing so, allow the student to think of the interconnections. Students taking the course are required to demonstrate acquisition of basic IT knowledge and lower level skills, such as remembering concepts as well as keystrokes in software, and additionally, the mechanics of how to solve problems with the software being learnt. Learning in the course is supported by various activities and resources, as well as different technologies. There are three websites that students need to access for the course. Each website contains different tools. These tools manage the concepts and content via different media formats. For example, some interactive activities were assignments, an Excel project, an Access project, and quizzes, in addition to an educational information system for enhanced learning (EISEL). The resources were the textbook, the online book chapters, the overall online system, and the material on the web. Overall, students realize early in the course that they are active participants and equally responsible of their learning process.
	Data was collected via an optional online survey at the end of the course, which was posted on the MoodleTM course management software platform. Students were instructed that there were no right or wrong answers and that interest was primarily in their beliefs and perceptions about the course components and their experiences with the different tools for learning.  Students were asked to respond to the survey as candidly as possible.
	Instrument Description

	The survey was divided into three major parts. The first part contained open-ended demographic questions related to program of study (5 questions): gender, age, level of computer experience, and mother tongue. The second part was about the students’ level of understanding of definitions. There were 4 questions evaluated from 0 - no understanding, to 10 – perfect understanding.  The third part was about perceptions of the contributions of the various activities and resources of the course to problem-solving and its component skills. For each of the four skills, namely, Problem-solving, Research, Creativity, and Critical Thinking, students were asked to identify at what level each of the class activities and resources contributed to their perceived development of these skills on a 3-point scale, where 1 indicated – not at all, 2 – moderate, and 3 – a lot. There were 28 questions.
	Instrument Development

	Building on prior research conducted by the authors, the survey used in this study measures the subjective evaluation of the students’ use and/or development of problem-solving skills, research skills and creative idea generation skills, as well as critical thinking skills, while interacting with the course resources, activities and technologies (Thomas & Morin, 2010). The survey used in this study is based on an instrument developed by the second author (Thomas, 2001). The reliability of the instrument as measured by the Cronbach Alpha is very solid, Problem-Solving 0.861, Research 0.879, Critical Thinking 0.907, and Creativity 0.861. 
	These concepts of higher learning are consistent with those advocated by Chickering & Gamson (1987) and Bloom & Krathwohl (1956), and revisited in Anderson & Krathwohl (2001), Dangel & Wang (2008), ITS Education Asia (2014), Collins (2014), and Facione (2015). The authors are not aware of an instrument that examines problem-solving with its sub-components of research skills, critical thinking skills, and creative idea generation skills, as is being proposed here. Also, contrary to other instruments that usually measure the extent to which, or the reliability with which, questions are representative of a particular construct, the instrument in this research seeks students’ perceptions of the support various activities, resources, and technologies used in a course contribute to their acquisition of the identified higher-order thinking skills. The purpose of this research is not to validate constructs but rather to seek perceptions about the constructs, hence instruments such as the California Critical Thinking Skills Test and others would not be appropriate (King et al., 1998, provide an extensive inventory of these instruments). As the extreme points of these perceptions were the focus of interest, a 3-point scale was adapted rather than the usual finer 5-point scale, which also often gets collapsed to a 3-point scale for purposes of analysis.
	Results
	To analyze the results, several statistical tools were used, such as descriptive statistics, correlation analysis, analysis of variance using Tukey-Kramer post-hoc tests, and multiple regressions to identify the factors that impact higher-order thinking skills acquisitions and potential differences in effectiveness. 
	Demographics and Definition Understanding 

	There were a total of 985 students enrolled in the course and 490 of them completed the survey online for a response rate of 51.2%. Of those who completed the survey, 44% were female students. Most respondents (73.3%) were in the 20-23 age group, 17.4% in the 24-30 age group and 4% and 5.3% were in the below 20 and above 30 categories, respectively. The average age is 22.7 years, while the median is 22.  
	Research Question 1: 
	To what extent do students understand the definitions of Problem-solving, Research and Creative Idea Generation skills, and Critical Thinking skills? 
	Figure 2 shows the distribution of the scores representing students’ self-reported level of understanding of the definition of the four skills used in the survey. A score of 0 indicates: ‘Not at all’ and a score of 10 indicates ‘Perfect understanding’.  The definitions are, as previously stated:
	• Problem-solving: deriving alternatives and solutions for complex problems/issues with incomplete information
	• Research: investigating, finding, and synthesizing information from multiple sources
	• Creativity: ideas that are novel or unique
	• Critical Thinking: analysis, inference, reasoning, evaluation, explanation, interpretation
	Figure 2. Understanding the Definitions from 0 to 10
	The mean levels of understanding for the definitions of Problem Solving, Research, Creativity and Critical Thinking are 7.90, 7.51, 7.80 and 7.83 respectively. From the parallel bar chart, the levels of understanding can also intuitively be split into three categories as follows:
	Full understanding for score of 10
	Moderate understanding for scores from 5 to 9 and
	Limited understanding for scores from 0 to 4.
	From Figure 2, it can also be observed that 91%, 89%, 91% and 86% of students have at least a moderate or better understanding of the definition of Problem-solving, Creativity, Critical Thinking and Research skills, respectively. 
	Contribution of Activities and Resources

	Research Question 2: 
	What is the relative contribution of the various learning components (activities and resources) of the course to the perceived acquisition of Problem-Solving, Research, and Creative Idea Generations skills, and Critical Thinking skills?
	Students were asked to assess how different activities and resources in the course have assisted them in the development of their Problem-solving skills, Research skills, Creativity skills, and Critical Thinking skills using the following classification: ‘A lot’ (3), ‘Moderate’ (2) and ‘Not at all’ (1). In tabulating the results, we used this coding and the averages of ranking of students are shown in Table 1.
	These means provide us with a measure of the perceived relative influence of course elements (activities/resources) on the development of skills.  The table also presents the positive impact of each activities / resources defined as the total proportion of answers in the categories ‘Moderate’ and ‘A lot’. The last column gives the mean perceived contribution of each activity and resource to the combined set of skills: Research, Creativity and Critical thinking as well as the mean positive impact. We note that the results in this last column are never as high as those of the Problem-solving skill which is an indication that although they explain a good portion of Problem-solving skills acquisition, other skills should be identified in future research projects. 
	Table 1. Students’ Perceived Contribution of Activities and Resources to the Components of Problem-Solving (PS)
	N
	Problem-solving (PS)
	Research (R)
	Creativity (C)
	Critical Thinking (CT)
	Aggregate contribution
	(R,C,CT)
	Mean (St. dev)
	+ impact %
	Mean (St.dev.)
	+ impact %
	Mean (St.dev.)
	+ impact %
	Mean (St.dev.)
	+ impact %
	Mean
	+ impact%
	Activities
	Assignments
	484
	2.37 (0.63)
	91.7%
	2.24 (0.70)
	85.0%
	2.11 (0.72)
	78.8%
	2.20 (0.48)
	84.3%
	2.18
	82.7%
	Excel project
	487
	2.37 (0.66)
	90.1%
	2.23 (0.72)
	83.4%
	2.17 ((0.72)
	81.1%
	2.21 (0.52)
	82.2%
	2.20
	82.2%
	Access project
	483
	2.31 (0.68)
	87.4%
	2.18 (0.74)
	79.7%
	2.14 (0.76)
	77.1%
	2.18 (0.52)
	81.4%
	2.17
	79.4%
	Quiz
	487
	2.16 (0.68)
	83.5%
	2.11 (0.71)
	79.5%
	1.81 (0.76)
	59.5%
	2.18 (0.53)
	80.7%
	2.03
	73.2%
	EISEL
	487
	2.19 (0.72)
	84.7%
	2.07(0.75)
	75.1%
	1.76 (0.75)
	57.4%
	2.13 (0.52)
	79.4%
	1.99
	70.6%
	Resources
	Textbook
	365
	2.05 (0.69)
	78.4%
	1.95 (0.64)
	77.0%
	1.88 (0.74)
	65.7%
	1.95 (0.48)
	73.4%
	1.93
	72.0%
	Online book chapters
	488
	2.00 (0.71)
	75.0%
	1.95 (0.68)
	74.5%
	1.83 (0.70)
	66.1%
	1.90 (0.45)
	71.9%
	1.89
	70.8%
	Overall online system
	484
	2.15 (0.66)
	87.7%
	2.10 (0.66)
	82.9%
	1.94 (0.73)
	70.2%
	2.07 (0.49)
	78.7%
	2.04
	77.3%
	Material on the Web
	489
	2.12 (0.68)
	81.8%
	2.16 (0.70)
	82.7%
	1.99 (0.73)
	72.9%
	2.10 (0.46)
	81.4%
	2.05
	79.0%
	Test for equality of mean perceived contribution of activities and resources to the skill (p-value) 
	3.81x10-27
	9.47x10-15
	5.48x10-31
	2.65x10-16
	Approximately 75%, (365/490 - those who answered the questions about the textbook divided by the total sample size) of the students bought the physical textbook and, from the results in Table 2, about 78.4% of them considered that it had a positive impact on the acquisition of Problem-solving skills. Similarly, the perceived contribution of the Online book chapters to Problem-solving was positive, though lower at 75%. Moreover, it seems that students felt that most activities contributed more to skills improvement than did resources. In terms of the strongest positive impact, Assignments, Excel project and Access project generally are perceived as having contributed the most to skills development. On the other hand, and not surprisingly, the Quiz, the Textbook, the Online book chapters, and EISEL were perceived to contribute the least to the development of creativity skills. 
	The last row of Table 1 includes the significance of tests for equality of mean perceived contribution of activities and resources to the skill. Given the very large sample size utilized, averages that do not seem very different are in fact highly significantly different. Table 2 identifies the significant differences in perceived contributions to each skill by pairs of activities and resources using the Tukey-Kramer post hoc test. To avoid repetition, only the results under the diagonal are presented.
	When a skill is found in a cell of Table 2, it means that the corresponding pair of activities, or corresponding pair of resources or pair of activity/resource has shown a statistically significant mean contribution to that skill. The ‘+’ or ‘-’ superscripts are used to indicate the direction of the significance. A ‘-’ superscript indicates that the activity or resource in the first column contributes less than the activity/ resource on the first row. For example in the cell corresponding Assignment and Material on the Web, PS- is reported, which indicates that the mean perceived contribution of Assignment and Material on the Web to Problem Solving are significantly different, at 5%, and more precisely, Material on the Web contributes less than the Assignments to Problem-Solving.
	Table 2. Significant mean differences in students’ perceived contribution of Activities and Resources to Problem-Solving (PS), Research (R), Creativity (C) and Critical Thinking (CT) using Tukey-Kramer Test at 5% level of significance
	Activities
	Resources
	Assign
	Excel
	Access
	Quiz
	EISEL
	Text
	Book
	Online Book
	Overall online
	Material on Web
	Activities
	Assign
	Excel
	Access
	Quiz
	PS-, C-
	PS-, C-
	PS-, C- 
	EISEL
	PS-, R-, C-
	PS-, R, C-
	C-
	Resources
	Textbook
	PS-, R-, C-, CT-
	PS-, R-, C-, CT-
	PS-, R-, C-, CT-
	R-, CT-
	PS-, CT-
	Online Book
	PS-, R-, C-, CT-
	PS-, R-, C-, CT-
	PS-, R-, C-, CT-
	PS-, R-CT-
	PS-, CT-
	Overall Online
	PS-, R-, C-
	PS-, C-, CT-
	PS-, C-
	C+
	PS+, R+, CT+
	Material Web
	PS-
	PS-, C-, CT-
	PS-, C-, CT-
	C+
	C+
	R+, CT+
	R+, C+, CT+
	From Table 2, the following observations can be made concerning the four skills:
	Problem–Solving

	Examining pairs of Activities, Assignments, Excel and Access all produced significantly higher perceived differences in Problem-Solving skill acquisition than the Quizzes, while Assignments and Excel were also greater than EISEL. 
	 (Assign, Excel, Access>Quiz), 
	 (Assign, Excel>EISEL), 
	Examining pairs of Resources, Overall Online had a greater impact on this skill than did the Online Book Chapters.
	 (Online Book Chapters<Overall Online)
	Examining pairs of Activity / Resource, Assignments, Excel, Access and EISEL had a greater impact than the Textbook or the Online Book Chapters. The Quiz also had a greater impact than the Online Book Chapters. The Assignments, Excel and Access were perceived as having a greater effect on problem-solving than did the Overall Online or the Material on the Web.
	 (Assign, Excel, Access, EISEL>Textbook), 
	 (Assign, Excel, Access, EISEL>Online Book Chapters), 
	 (Assign, Excel, Access>Overall Online), 
	 (Assign, Excel, Access>Material on Web), 
	 (EISEL, Quiz>Online Book Chapters)
	Research

	Examining pairs of Activities, both Assignments and Excel were perceived as contributing more to the development of Research skills than EISEL.
	 (Assign, Excel>EISEL),
	Examining pairs of Resources, Material on the Web was perceived more favorably in developing this skill than either the Textbook or the Online Book Chapters. The latter was less favored than the Overall Online.
	 (Online Book Chapters, Textbook<Material on the  Web), 
	 (Online Book Chapters<Overall Online)
	Examining pairs of Activity / Resource, Assignments, Excel, Access and the Quizzes all were perceived more positively in developing Research skills than the Textbook and the Online Book Chapters. The Assignments were also favored over the Overall Online.
	 (Assign, Excel, Access, Quiz>Textbook), 
	 (Assign, Excel, Access, Quiz>Online Book Chapters), 
	 (Assign>Overall Online)
	Creativity

	Examining pairs of Activities, Creativity was deemed as being significantly better supported by Assignments, Excel and Access than by the Quizzes or EISEL,
	 (Assign, Excel, Access>Quiz), 
	 (Assign, Excel, Access>EISEL), 
	Examining pairs of Resources, Material on the Web more supportive than the Online Book Chapters.
	 (Online Book Chapters<Material on Web)
	Examining pairs of Activity / Resource, the Assignments, Excel and Access were perceived to contribute more to this skill development than the Textbook, the Online Book Chapters or the Overall Online. EISEL was considered to contribute less than the Overall Online or the Material on the Web, while Excel, Access and the Quiz were considered to contribute more than Material on the Web.
	 (Assign, Excel, Access>Textbook), 
	 (Assign, Excel, Access>Online Book Chapters), 
	 (Assign, Excel, Access>Overall Online), 
	 (Excel, Access>Material on Web), 
	 (EISEL, Quiz<Material on the Web), 
	 (EISEL<Overall Online)
	Critical Thinking

	Examining pairs of Activities, it was found that no activities were perceived to contribute differently to critical thinking skills development.
	Examining pairs of Resources, Material on the Web was perceived as contributing more to the development of critical thinking than the textbook, and the online book chapters contributed less than the Material on the Web or Online Overall.
	 (Textbook, Online Book Chapters<Material on the Web), 
	 (Online Book Chapters< Online Overall)
	Examining pairs of Activity / Resource, Assignments, Excel, Access, the Quizzes, and EISEL were all perceived to provide better support than the Textbook or Online Book Chapters to the development of critical thinking. Excel and Access additionally were perceived to be more supportive than Material on the Web. Excel was also more supportive than Overall Online.
	 (Assign, Excel, Access, Quiz, EISEL>Textbook), 
	 (Assign, Excel, Access, Quiz, EISEL>Online Book Chapters), 
	 (Excel>Overall Online), 
	 (Excel, Access>Material on Web)
	From Table 2, the following observations can also be made concerning the Activities, Resources and Activities/Resources:
	Activities 

	Assignments and Excel provided better support than EISEL of all the skills except for Critical Thinking, for which no differences were found. They were also better than Quiz for Problem-Solving and Creativity. Access was better than the Quiz for Problem-Solving and Creativity and also better than EISEL for Creativity.
	Problem-Solving - Activities
	 (Assign, Excel, Access>Quiz), 
	 (Assign, Excel>EISEL), 
	Research - Activities
	 (Assign, Excel>EISEL),
	Creativity - Activities
	 (Assign, Excel, Access>Quiz), 
	 (Assign, Excel, Access>EISEL), 
	Critical Thinking - Activities
	 none contributed 
	Resources 

	The Overall Online System provided better support than Online Book Chapters for all skills, except for Creativity. Material on the Web provided better support than the Online Book Chapters and the Textbook for Research and Critical Thinking and also better than the Online Book Chapter for Creativity.
	Problem-Solving - Resources
	 (Online Book Chapters<Overall Online), 
	Research - Resources
	 (Online Book Chapters, Textbook<Material on the  Web), 
	 (Online Book Chapters<Overall Online)
	Creativity - Resources
	 (Online Book Chapters<Material on the Web), 
	Critical Thinking - Resources
	 (Textbook, Online Book Chapters<Material on the Web), 
	 (Online Book Chapters< Online Overall)
	Activities/Resources 

	Assignments, Excel and Access provided better support than the Textbook and Online Book Chapters for all the skills. EISEL and Quiz were also better than Online Book Chapters for Problem-Solving and Critical Thinking. Excel is better than Overall Online System and Material on the Web, except Research. This is the same result for Access compared to Material on the Web. Assignments and Access are better than Overall Online System for Problem-Solving and Creativity, while Assignments is also better for Research. Quiz is better than Textbook and Online Book Chapters for Critical Thinking and Research. Material on the Web and Overall Online System are better than EISEL for Creativity, and Material on the Web is also better than the Quiz for Creativity but Assignments are better than Material on the Web for Problem-Solving.
	Problem-Solving – Activities/ Resources
	 (Assign, Excel, Access, EISEL>Textbook), 
	 (Assign, Excel, Access, EISEL>Online Book Chapters), 
	 (Assign, Excel, Access>Overall Online), 
	 (Assign, Excel, Access>Material on Web), 
	 (EISEL, Quiz>Online Book Chapters)
	Research – Activities/ Resources
	 (Assign, Excel, Access, Quiz>Textbook), 
	 (Assign, Excel, Access, Quiz>Online Book Chapters), 
	 (Assign>Overall Online)
	Creativity – Activities/ Resources
	 (Assign, Excel, Access>Textbook), 
	 (Assign, Excel, Access>Online Book Chapters), 
	 (Assign, Excel, Access>Overall Online), 
	 (Excel, Access>Material on Web), 
	 (EISEL, Quiz<Material on the Web), 
	 (EISEL<Overall Online)
	Critical Thinking – Activities/ Resources
	 (Assign, Excel, Access, Quiz, EISEL>Textbook), 
	 (Assign, Excel, Access, Quiz, EISEL>Online Book Chapters), 
	 (Excel>Overall Online),
	 (Excel, Access>Material on Web)
	These comparisons have implications for the design of web-based learning content.
	Perceptions and Understanding of the Definitions of Components of Problem-Solving

	Research Question 3: 
	Is the understanding of the definitions correlated with the perceived contributions of the learning components (activities and resources) of the course to the skills development? 
	As it is unknown whether the understanding of the definitions could be correlated to the students’ perceived acquisition of problem-solving skills and its components, the definitions of which may not be uniformly understood, a correlation analysis is presented in Table 3. Researchers often use these terms interchangeably so some correlation could be expected.
	We note that most correlations are not significantly different from 0 at the 5% level, except in the cases of problem-solving and creativity. The perceived contributions of the Assignments and Access project to problem-solving seem to increase with the understanding of the definition. 
	Table 3. Correlations Between Understanding of Skills Definition and Perception of Contribution of Activities/ Resources to that Skill
	Understanding of definitions of skills
	Problem-solving
	Research
	Creativity
	Critical Thinking
	Activities
	Assignments
	0.135*
	0.074
	-0.037
	0.020
	Excel project
	0.075
	0.036
	0.005
	0.053
	Access project
	0.094*
	0.080
	-0.031
	0.058
	Quiz
	0.047
	0.050
	-0.090*
	0.042
	EISEL
	-0.012
	0.003
	-0.107*
	0.034
	Resources
	Textbook
	-0.048
	0.028
	-0.077
	-0.088
	Online Book Chapters
	0.015
	0.287
	-0.076
	0.010
	Overall Online System
	0.060
	0.053
	-0.025
	0.046
	Web Material
	0.009
	0.090
	-0.026
	-0.023
	* Correlation significantly different from 0 at 5% level 
	On the other hand, the perceived contributions of the quizzes and of EISEL to creativity seem to decrease with the understanding of the definition of creativity. As students’ understanding of the definition of Creativity increases, their perceptions of the contribution of Quizzes and EISEL decrease. Although these correlations are significant, they are weak in value, they are suggestive of some associations, but should be used with cautious.  
	Relationship of Research, Creativity and Critical Thinking to Problem-Solving

	Research Question 4: 
	To what extent is perceived Problem-solving skill acquisition explained by the acquisition of the other three skills?
	In this research, we also hypothesize that the Problem-solving skill will be partially explained by three other skills, namely, Research, Creativity and Critical Thinking. As noted previously from Table 1, the results combining these three skills are never as high as those of the Problem-solving skill which is an indication that although they explain a good portion of Problem-solving skills acquisition, they don’t explain all of it. This is supported by Table 4 where multiple regressions show that the variation in the perceived contribution to Problem-solving skills is strongly explained by the regression on the three other perceived contributions. The variables in Table 4 are presented using the following notation: ASS_PS corresponds to the perceived contribution of the Assignments to Problem-Solving, etc.
	Table 4. Regression models to Predict the Perceived Contribution to Problem-Solving (PS) Skill using the perceived contribution to Research (R), Creativity (C) and Critical Thinking (CT) skills as predictors for each Activity and Resource
	R2
	AdjR2
	N
	*MSP
	Activities
	ACTIVITY_SKILL stands for the perceived contribution of the ACTIVITY to the SKILL development
	ASS**
	ASS_PS  =  0.8957 + 0.26379 ASS_R + 0.24742 ASS_C + 0.1656 ASS_CT
	40.48%
	40.09%
	469
	R
	t-ratio of each predictor: 6.80, 5.73, 3.71 
	EXCE**
	EXCE_PS  =  0.5906 + 0.3452 EXCE_R + 0.1888 EXCE_C + 0.2690 EXCE_CT
	55.76%
	55.48%
	474
	R
	t-ratio of each predictor: 9.70, 4.75, 7.13
	ACCE**
	ACCE_PS  =  0.5779 + 0.2435 ACCE_R + 0.2616 ACCE_C + 0.2939 ACCE_CT
	54.20%
	53.90%
	468
	CT /R
	t-ratio of each predictor: 6.88, 6.45, 6.89
	QUIZ**
	QUIZ_PS  =  0.5082 + 0.2329 QUIZ_R + 0.2675 QUIZ_C + 0.3116 QUIZ_CT
	50.47%
	50.15%
	472
	CT
	t-ratio of each predictor: 6.57, 7.35, 8.16
	EISL**
	EISL_PS  =  0.5701 + 0.2656 EISL_R + 0.1571 EISL_C + 0.3727 EISL_CT
	44.36%
	44.01%
	470
	CT
	t-ratio of each predictor: 6.72, 3.77, 8.54
	Resources
	RESOURCE_SKILL stands for the perceived contribution of the RESOURCE to the SKILL development
	TB**
	TB_PS =  0.6112 + 0.1889 TB_R + 0.3978 TB_C + 0.1650 TB_CT
	43.34%
	42.85%
	353
	C
	t-ratio of each predictor: 3.65, 7.86, 3.02
	OB**
	OB_PS  =  0.4503 + 0.3156 OB_R + 0.3077 OB_CT + 0.1979 OB_CT
	43.24%
	42.87%
	473
	R
	t-ratio of each predictor: 7.28, 6.35, 3.80
	ONLS**
	ONLS_PS  =  0.5299 + 0.2180 ONLS_R + 0.3396 ONLS_C + 0.2430 ONLS_CT
	54.57%
	54.28
	468
	C
	t-ratio of each predictor: 5.62, 8.31, 5.63
	MAT**
	MAT_PS  =  0.2330 + 0.3357 MAT_R + 0.2800 MAT_C + 0.2859 MAT_CT
	63.67%
	63.44%
	477
	R
	t-ratio of each predictor: 9.60, 7.02, 6.89
	LEGEND :  ASS: Assignments, EXCE: Excel Case Project, ACCE: Access Case Project, EISL: EISEL, TB: Textbook, OB: Online Book Chapters, ONLS: Overall Online System, MAT: Material on the Web
	* MSP: Most Significant Predictor 
	** the significance of the overall regressions is below 10-6 at and each coefficient is significant at 0.003
	We note that all multiple regressions are highly significant with p-values lower than 0.000001, which means that perceived contributions of activities and resources to Problem-solving skills are partially explained by their contribution to Research, Creativity, and Critical Thinking. Also all regression coefficients in each of the nine multiple regressions are highly significant as indicated by the t-ratios corresponding to each predictor. The most significant predictor for each regression is identified as the predictor with the smallest p-value corresponding to the largest t-ratio in absolute value. Therefore, Problem-solving stands on three legs: Research, Creativity, and Critical Thinking, as had been hypothesized; however, the coefficients of determination indicate that they do not tell all the story, other factors are also at play and need further research. For example, in the first regression in Table 4, the coefficient of determination is 40.09%, which means that the variation in the perceived contribution of Assignments to Problem-Solving is explained by the perceived contribution of Assignments to Research, Creativity, and Critical Thinking
	Focusing in on the impact of the activities and resources on problem-solving, we obtain that 55.76% of the variation in the perceived contribution of the Excel project to Problem-solving skills is explained by the contribution of the Excel project to Research, Creativity, and Critical Thinking, where Research is the most significant predictor. Similarly 54.2% of the variation in the perceived contribution of the ACCESS project to Problem-solving skills is explained by the contribution of the three skills and Critical Thinking and Research are the most equally important predictors. 
	The perceived contributions to Problem-solving skills of the other activities: Assignments, Quiz and EISEL are also partially explained (40.48%, 50.47% and 44.36% respectively) by their perceived contributions to the three skills, where Research and Critical thinking are, respectively, the most significant predictors. 
	As for the resources in the course, we note that the perceived contribution of the Web material to Problem-solving is explained more (63.67%) by its perceived contributions to the other three skills than by the perceived contribution of any other resources (43.34%, 43.24% 54.57% and 44.36%) and even activities. The most significant predictor is Research, which could be explained by the fact that students have to search the course content and distinguish between important and less important elements of the course. Similar results are found for the Online book chapters but to a lesser extent when we consider its coefficient of determination, 43.24%.  For the Textbook and the Overall online system, Creativity is the most significant predictor, while for EISEL, Critical Thinking is most significant. 
	The above multiple regressions of Table 4 support the hypothesis that Problem-Solving stands on the three legs of Research, Creativity and Critical Thinking.
	Discussion
	Results of the study indicate that the definitions of the skills employed, which were based on the literature, are reasonable. (Beachboard & Aytes, 2013; Brookhart, 2010; Collins, 2014; Eisenberg & Berkowitz, 1988; King et al., 1998; Lewis & Smith, 1993; Pascarella & Terenzini, 2005; Tiruneh et al., 2014). Students had a very good understanding of the definition of the skills as articulated.  Level of understanding varied across the skills and in general among students, but more than 85% of students had at least a moderate or better understanding while less than 15% had limited understanding of the terms. Research skills, with an average understanding of 7.5, was the least understood, however, this could be due to the fact that this is a group of mainly first year undergraduate students, with limited research exposure. 
	Certain activities and resources were perceived to contribute more than others, which were the Assignments and the Excel and Access projects. This supported prior findings (Morin et al., 2012). The Quiz, the Textbook, the Online book chapters, and EISEL, were perceived to contribute the least to the development of creativity skills. This is not surprising since these are practice tools and not primarily tools that develop creativity. The relationship is very small but significant, which again must be treated cautiously. It also seems from the regression analysis that the perceived contribution of the Activities to Problem-Solving skills is largely explained by Research and Critical Thinking skills, while for Resources it is Research and Creativity. 
	As the understanding of the definition of Problem-Solving increases, the perceived contribution to this skill, of the Assignment and Access project also increase. On the other hand, as the definition of Creativity increases, the perceived contribution of the Quiz and EISEL decreases. The fact that students’ perceptions increased with understanding of some constructs, suggests that students do not always know what they are learning, and that, when they do, they appreciate it more. Understanding and learning begets more understanding and learning, however, since those correlations are weak though significant, the results must be treated with caution but are still indicative of the direction. 
	The perceived contribution of an activity or a resource to Problem-Solving can be decomposed into three parts, which are the perceived contribution to Research, to Creative Idea Generation, and to Critical Thinking. The regression analyses, therefore, supported the hypothesis that Research, Creative Idea Generation and Critical Thinking are strong supporting legs of Problem-Solving, but did not tell the full story. Other factors are involved and need further investigation and elaboration. Some possibilities may include analytical, logical, reflective, metacognitive, decision-making and time management skills.
	In the case of Assignments, Excel and Access, Online Book Chapters and Material on the Web, the perceived contribution to Research Skills was the strongest leg of the tripod, the most significant predictor of perceived Problem-Solving skills, while for Access, Critical Thinking is equally important. The findings could be explained by the fact that, as these activities and resources can be considered project-based, students have to search the course content and distinguish between important and less important elements of the course in order to apply them to the particular tasks at hand. 
	For Quizzes and EISEL, which are practice, learning tools, the most significant predictor of perceived Problem-Solving skills is the perceived contribution to Critical Thinking skills, which makes it the strongest leg of the tripod, which is in line with prior studies. The fact that students have to actively engage in using these tools to acquire and demonstrate their learning may explain their increased perception of contribution to critical thinking. When it comes to the Textbook and the Overall Online System, the strongest leg of the tripod is the perceived contribution to Creativity skills, which was the most significant predictor of perceived Problem-Solving skills. No ready explanation of this finding presents itself at this point. 
	These results of the study have implications for the design of web-based delivery of learning content. Understanding those aspects of a course that can contribute to developing problem-solving skills, and the other supporting skills – research, creativity, and critical thinking – can assist in this process and need further study. It is interesting that Research and Critical Thinking are grouped, as are Problem-solving and Creativity. Also, the fact that there are differences in the perceived contribution of the various activities and resources to the acquisition of higher-order skills has implications for the design of the content for web-based learning. 
	In summary, the following recommendations emerged:
	 The Assignments, Excel and Access were perceived to be more supportive of the development of all the thinking skills than either the Textbook or the Online Book Chapters. 
	 Examining those supportive of three skills, the Assignments and Excel were more supportive than EISEL or Overall Online for developing Problem-Solving, Research, and Creativity while Excel and Access were more supportive than Material on the Web in developing Problem-Solving, Creativity, and Critical Thinking. Excel was also more supportive than Overall Online in developing these skills. The Quizzes were more supportive of Problem-Solving, Research, and Critical Thinking than the Online Book Chapters, which were themselves more supportive than the Overall Online. In developing Research skills, Critical Thinking, and Creativity, the Online Book Chapters were perceived to be more supportive than Material on the Web. Other pairs of activities/resources showed significantly different support of either one or two skills.
	 Assignments, Excel, Access showed significant differences in developing Problem-Solving and Creativity over Quizzes, EISEL, Textbook, Online Book Chapters, Overall Online, and Material on the Web.
	 Assignments, Excel, and Access were more supportive of Research and Critical Thinking than the Textbook and Online Book Chapters, and Online Book Chapters more supportive than Overall Online and Material on the Web. The Textbook was also more supportive than Material on the Web. The Assignment and Excel were more supportive of Research than EISEL, and Assignments also more supportive than Overall Online, while Excel and Access were more supportive of Critical Thinking than Material on the Web, and Excel more supportive than Overall Online.
	 Quizzes and EISEL were perceived as more supportive of Critical Thinking than the Textbook or Online Book Chapters, as was the Textbook and Online Book Chapters over Material on the Web. The Online Book Chapters were also more supportive of this skill than Overall Online. EISEL was more supportive of Problem-Solving than the Textbook and the Quizzes than the Online Book Chapters, while the Online Book Chapters were more supportive than Overall Online. The Quizzes, EISEL and the Online Book Chapters were more supportive of Creativity than Material on the Web, and the EISEL was also more supportive than Overall Online.
	The overall results point to the importance of incorporating assignments and Excel and Access projects in the development of the higher-order skills in Information Technology courses. Other activities and resources support the student in accomplishing these tasks but play a lesser role in developing these skills. As there is a tendency in online learning to put emphasis on rote memorization and true and false type questions for imparting and measuring learning, these results suggest more effort needs to be made to integrate more robust problem-solving tasks, even in an online context.
	Conclusion
	The body or research work related to higher order thinking skills and online learning is scarce. Research on critical thinking, problem-based learning, and creativity and research skills is extensive; however, few address them in the context on online learning. Of significant importance, a handful of researchers were found who explored the concepts of critical thinking and problem-based learning in web environments. In problem-based learning four researchers began to experiment with wikis and forums, unguided group research, multimedia, web 2.0 tools, and the use of second life (Beaumont, Savin-Baden, Conradi, & Poulton, 2014; Ioannou, Brown, & Artino, 2015; Liu et al., 2014; Walker, 2014). In critical thinking, five recent articles were found where researchers explored web-based seminars, web 20 tools and mobile learning in nurse’s education, web-based graduate management courses, and wikis (Condon & Valverde, 2014; Eales-Reynolds, Gillham, Grech, Clarke, & Cornell, 2012; Garcia & Hooper, Jr., 2011; Goh, 2012; Lai & Wu, 2012). It is evident that problem-based learning in online (or web-based) environment is the most recent subject to be addressed and interest in general seems to be increasing. It must be stressed, though, that these recent works in critical thinking and problem-based learning in online environments are primarily descriptive and addressed issues such as practices and strategies with little analytics/statistics. Moreover, most of these studies were in context different than higher education, such as nurse training, teacher education, elementary school students, and pre-service teachers.
	The authors are not aware of other studies which have looked at the elements of this research in quite the way presented in this study and the results found suggest the need for further study and elaboration of these ideas.  Possible expansions of this study include looking at the effect of team-building skills on the elements of problem solution, which is the topic of a subsequent paper, as well as expanding the types and number of questions used in the survey. In a recent study (Tsai & Chiang, 2013) where a review of research in problem-based learning in online education environment was performed, the authors report on the number of publications per target student groups. What is interesting is that over the 8 year period 63 articles were published, giving an average of 8 articles per year. If only higher education students are considered, the number of publications falls by around 25%. Needless to say, research in online education and problem-based learning is scarce, even more so if one considers problem-solving skills acquisition in particular. Conducting a small research on Google Scholar on higher-order thinking and eLearning resulted in less than 10 articles over the past 5 years. 
	It is clear that the study of various higher-order thinking skills in eLearning environments (online education) is scarce; therefore, any insights that can be used to further our understanding via comparative synthesis are rare and therefore make our task the more difficult. However, in a study performed by Fox & Mackeogh (2003) on eLearning’s ability to promote higher-order learning via different pedagogical methods, it was suggested that given the appropriate pedagogical design, students can develop effective ways of engaging with the online course activities showing evidence of engaging in higher-order learning. This is in-line with the present study findings, as well as prior research by the authors (Morin et al., 2014; Saadé et al., 2012; Thomas & Morin, 2010), and supports the results that pedagogically sound online activities can engage students in higher-order learning. As one would expect, (Schmid, et al., 2014), pedagogy is more important than the medium of delivery. The fact that these research results indicate that Problem-Solving is supported by the tripod idea of Research, Creative Idea Generation, and Critical Thinking opens another avenue for research into effective online pedagogy. 
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