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ABSTRACT 
 
 
 
USING EXISTING ASSESSMENTS TO TRACK LONGITUDINAL DEVELOPMENT 

OF  
STUDENTS’ CRITICAL AND CREATIVE THINKING SKILLS 

 
 
 

Paisley Worthington      Advisor: 
University of Guelph, 2019     Professor John Dawson 
 
 
 
Learning outcomes assessment (LOA) data are most commonly collected via 

national surveys, alumni surveys / focus groups, and locally developed surveys. While 

these methods collect important affective information about students and alumni, 

detailed data describing students’ actual skills and perceived skills are needed to 

facilitate targeted improvements to courses and programs and enhance the LOA 

initiative.  

I implement a triangulated LOA strategy that coordinates three essential 

perspectives of LOA: intention, achievement, and perception. Focussing on problem 

solving assessments, I develop and validate a problem solving profile, a program-level 

developmental rubric for problem, and a student survey. To my knowledge, the profiling 

tool and program-level developmental rubric for assessing problem solving are the first 

such tools described in the field. Using pilot data from the 2018-2019 academic year, I 

demonstrate how these tools and methods generate data educators were previously 

unable to access.  
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Chapter 1: Introduction 

Keeping universities indispensable 

 Post-secondary education has, for decades, been viewed unquestionably as an 

investment for students wishing to develop sophisticated cognitive skills and to establish 

a well-respected vocation. However, in the last few years, technology has opened the 

door for companies to redefine the knowledge sector by providing low-cost, accessible 

learning opportunities (ex., Khan Academy, Coursera, edX, YouTube, among others) 

(“How has technology changed education?,” 2019). Skeptics of higher education use 

the Internet to publish their doubts about the true value of a university education (ex., 

Blackwell, 2018; Hannah, 2019; Ruppel Shell, 2018; Sodha, 2018). Despite popular 

articles explaining the various benefits of pursuing higher education (ex., “Higher 

education still worth the money, new research suggests,” 2016; “Is university worth the 

money?,” 2018; Newton, 2018), the presence of two starkly different opinions in the 

media can cause potential university students to reconsider their educational pathway. 

For post-secondary education to remain relevant, ambassadors of higher education 

must communicate how university education equips students with essential skills; for 

instance, teaching cognitive skills like problem solving. 

 The generation following the Millennials will need highly proficient cognitive skills, 

perhaps more than any other generation. Globally, we have massive problems that are 

the result of short-sighted thinking: the energy crisis, air and water pollution, 

deforestation, the Great Pacific garbage patch, and ethical dilemmas surrounding day-

to-day human rights and medical advancements. Some scientists predict that the 

environmental problems must be addressed by the year 2030 or the environment will be 
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irreversibly affected by runaway climate change (Steffen et al., 2018; Walsh et al., 2017; 

World Economic Forum, 2017). Based off the 2016 Canadian census data, 

approximately 26% of the working population in 2031 will be younger than the 

Millennials (Figure 1) (Statistics Canada, 2017).  

 

These individuals will have to confront the world’s issues and will require well-refined 

critical and creative thinking skills – skills that universities are increasingly instilling in 

their students via degree-level expectations (ex., Desmarais, 2012). In 2019, the ages 

of these individuals range from 8 – 22 (Statistics Canada, 2017). To encourage the next 

generation to enrol in post-secondary education and acquire advanced critical and 

creative thinking skills, institutions must show their relevance and indispensability. One 

strategy to articulate an institution’s educational value is to leverage learning outcomes 

assessment data (Ewell, 2009). 

 
Figure 1: Projected generational distribution of Canada's working population in 2031. 

 
 
 
 
 
 
 
 
 
Table 1: Overall PS Profile scores of four authentic assessments employed in the Microbiology degree program at the 
University of Guelph.Figure 1: Projected generational distribution of Canada's working population in 2031. 
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The call for detailed learning outcomes assessment data 

The learning outcomes assessment (LOA) movement sweeping the post-

secondary sector both nationally and globally demands that colleges and universities 

use evidence to substantiate their students’ learning gains (Goff et al., 2015). As of 

2015, 30% of Canadian universities indicate that formal learning outcomes are defined 

in all of the institution’s departments (MacFarlane & Brumwell, 2016). Behind program 

accreditations, the second most motivating factor for Canadian universities to engage in 

LOA is the institutions’ commitment to continuously improve their courses and programs 

(MacFarlane & Brumwell, 2016). LOA data are most commonly collected via national 

student surveys, alumni surveys / focus groups, and locally developed surveys 

(MacFarlane & Brumwell, 2016; Williams, 2014). While these methods collect important 

affective information about students and alumni, they are not well-suited to accurately 

measure students’ actual achievement and they are often disconnected from the 

classroom where student skills are being developed (Campbell & Cabrera, 2011; 

Gordon, Ludlum, & Hoey, 2008; Porter, 2011, 2013). Detailed LOA data describing 

students’ performance on specific tasks throughout the program are needed to facilitate 

targeted improvements to courses and programs and enhance the LOA initiative (Goff 

et al., 2015; Klemenčič & Chirikov, 2015).  

 

Learning Outcomes Assessment Perspectives 

Stewards of higher education engage in LOA most often to serve one of two 

purposes: to provide data for accountability purposes or to improve programs (Ewell, 

2009). The motivation behind a LOA initiative impacts the methodology of the project. 
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LOA for accountability (such as accreditation) often adopts standardized methods to 

produce standardized data that are prescribed by the reviewing authority (such as an 

accreditation board) (Ewell, 2009). In these scenarios, the measures of post-secondary 

programs are often outlined explicitly by the reviewing authority. LOA for improvement, 

however, can take advantage of a triangulated methodology, collecting varied 

information from multiple tools and processes (Ewell, 2009). Educators using LOA for 

improvement have the benefit of selecting institutional outcomes of interest to study in 

depth, defining in-house standards of success, and drawing from real assessments 

used in the program as data sources (Ewell, 2009). Given the flexibility and freedom 

associated with LOA for improvement, researchers should consider the degree of 

variation and redundancy required for a high quality LOA methodology that is still 

feasible. My thesis examines LOA for improvement from three specific perspectives: 1) 

the program’s intentions (Chapter 2), 2) student achievement of LOs (Chapter 3), and 

finally 3) student perceptions of their education (Chapter 4). 

 Researchers conducting a LOA for improvement may consider the program’s 

intentions for student learning. Ewell argues that in any LOA initiative, assessments 

placed at notable positions within an undergraduate program ought to be emphasized 

as indicators of longitudinal student development (Ewell, 2009). Instructors of King’s 

College scaffold capstone assessments throughout the degree such that the 

assessments become more challenging with each year level – this scaffolding 

represents the deliberate calibration of the faculty’s expectations of their students 

(Ewell, 2009). Thus, a shared understanding of the program’s intentions is a LOA 

perspective that can be used to contextualize student performance data.  



5 
 

 

Student achievement data provide another important perspective in LOA 

initiatives. Most LOA projects look to student achievement data to determine whether 

learning outcomes are being met by students. LOA for accountability purposes often 

make use of standardized assessments that are developed externally from the 

institution (ex. MCAT or LSAT testing); tests such as these are used to determine 

whether a student has objectively gained particular knowledge or skills. While these 

tests serve their purpose, they are ill-suited for LOA for improvement projects, where 

detailed and personalized data about a specific program at a specific school can 

provide useful data that is interpreted and acted upon more readily. As suggested by 

Ewell (2009), assessments employed in the program of interest may be used to 

represent the student achievement perspective in a LOA project. 

 A third perspective to include in a LOA for improvement project is the students’ 

perception of their education. Increasingly, value is placed on the student voice as a 

source of feedback for teaching and learning processes (ex. Beattie, 2012; Cook-

Sather, Bovill, & Felten, 2014; Delpish et al., 2010; Fielding, 2001; McAlpine & Asgharb, 

2010; O’Neill & McMahon, 2012; Thiessen, 2006). One study recounts how researchers 

engaged undergraduate students in the curricular overhaul of a physiotherapy program 

(O’Neill & McMahon, 2012) while another group describes their experience working with 

doctoral students to co-construct departmental practices and policies concerning the 

doctoral program (McAlpine & Asgharb, 2010). Students are the primary recipients of 

undergraduate programs and have the potential to provide an insightful recollection of 

how the program is actually experienced. Thus, some representation of the student 

voice ought to be included as an additional perspective in a thorough LOA project. 
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The emphasis on critical and creative thinking 

Critical and creative thinking skills are crucial to thrive in our constantly changing 

global community and are a common target of LOA initiatives (“Employability Skills,” 

2018; Gini-Newman & Case, 2015; Puccio, Mance, & Murdock, 2011; Simper, Frank, 

Scott, & Kaupp, 2018).  In the Herbert report (2015), the Ontario government listed 

critical thinking as one of three learning outcomes that should be emphasized in higher 

education programs in Ontario (Herbert, 2015).  However, the report also states that 

“these [skills] are not transparently or consistently measured, assessed, or validated 

across the system” (p. 38), suggesting that further research concerning critical and 

creative thinking is required (Herbert, 2015). Presumably student thinking is improving, 

but until recently neither longitudinal performance data nor a framework for 

understanding critical and creative thinking development existed prior to 2018 as 

evidence to support this claim, when one study from Queen’s University was released 

(Simper et al., 2018).  

Researchers from Queen’s University launched a four-year longitudinal study 

examining the development of critical thinking, problem solving, communication, and 

lifelong learning in numerous undergraduate programs representing engineering, 

science, social science, and humanities (Simper et al., 2018). The study used multiple 

data sources, including standardized tests, assignments graded with VALUE rubrics, 

and interviews with students and instructors to collect learning progression data about 

its students. Researchers found heavy overlap with the component skills of the cognitive 

skills being measured, namely critical thinking, problem solving, and communication 

(Simper et al., 2018). While this blending of skills did not hinder the project’s success in 
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collecting summative information concerning students’ academic achievement, a clear 

distinction of skills is required if institutions wish to use this type of data formatively to 

examine curriculum mapping and identify areas for improvement.  

With this reasoning, my study focusses solely on critical and creative thinking. 

Although critical and creative thinking are unquestionably important outcomes of post-

secondary education, the higher education community lacks a definition of this skill that 

is universally accepted by its practitioners (Deller, Brumwell, & Macfarlane, 2015). I 

adopted a different conceptualization of complex cognitive skills than the group from 

Queen’s. Instead of treating all cognitive skills equally and independently, in my model 

these skills are in a hierarchy, with critical and creative thinking as intertwined skills and 

the foundation from which other skills stem (including problem solving, communication, 

literacy, ethical behaviour, etc.) (Gini-Newman & Case, 2015; Mulnix, 2012; Paul, 1993). 

Since critical and creative thinking is treated as a foundational skill, discussing 

critical and creative thinking independently of context is difficult (Deller et al., 2015; 

Mulnix, 2012). Further, since multiple theories present competing definitions of critical 

and creative thinking, explicitly teaching this skill in their courses is challenging for 

instructors (“Critical Thinking,” 2018; Martini & Clare, 2014; Mulnix, 2012). As a result, 

students may not be aware of their transferrable critical and creative thinking skills or 

may struggle to communicate their abilities to employers (Edge, Martin, & Mckean, 

2018; Herbert, 2015; Martini & Clare, 2014).  In addition, assessing critical and creative 

thinking is difficult primarily because we cannot assess thought directly; instead, we 

must assess the quality of a product and make inferences about the depth of thinking 
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used to create the product (Holmes, Wieman, & Bonn, 2015; Jonassen, 2000; Maki, 

2010; Mayr, Smuc, & Risku, 2010).   

One way to respond to the challenges of assessing critical and creative thinking is to 

consider these skills in the context of activities that rely heavily on them, for instance, 

problem solving (Mayr et al., 2010). At the University of Guelph, Problem Solving (PS) is 

one component of the Critical and Creative Thinking institutional learning outcome 

(Desmarais, 2012). Using PS as an indicator of critical and creative thinking is 

logistically advantageous because students can produce concrete evidence that 

demonstrate their ability to solve a problem. Situating PS as an indicator of critical and 

creative thinking therefore allows us to indirectly gauge a student’s ability to think 

(Frederiksen & Ward, 1978; Mayr et al., 2010; Pithers & Soden, 2010). Given the 

relationship between critical and creative thinking and PS, I will next examine the 

literature surrounding PS and relate that knowledge to practices held in a Canadian 

undergraduate biology degree. 

 

Problem Solving as a measure of critical and creative thinking 

The Problem Solving Process 

Problem solving is a higher order cognitive process that integrates disciplinary 

knowledge with metacognitive skills. To successfully solve a problem, a thinker must 

have both strong disciplinary knowledge to understand the context of the problem and 

sophisticated metacognitive skills to regulate their thinking as they navigate the different 

stages of solving a problem (Greiff, Fischer, Stadler, & Wüstenberg, 2015; Jonassen, 

2000; G. Klein et al., 2003; Mayr et al., 2010).  
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Numerous PS theories offer conceptualizations of the PS process that bear 

resemblance to one another and can often be broken into four main stages: 1) 

understanding the problem, 2) exploring potential solutions, 3) implementing a selected 

solution, and 4) reflecting on the experience (ex. Bransford & Stein, 1984; Bryant, 2006; 

Ilevbare, Probert, & Phaal, 2013; Matsuo & Nakahara, 2013; McLennan & Omodei, 

1996). General PS models have been criticized for being overly reductive, sacrificing 

situational nuances and the fluid nature of complex problems for the sake of producing 

a generalized PS model (Jonassen, 2000; O’Loughlin & McFadzean, 1999). General PS 

models provide limited insight into the PS process because, in real life, problem solvers 

must adapt their PS strategy to each problem and are often required to consider 

disciplinary nuances to find a successful solution. Although solutions are often rooted in 

disciplinary context, a student’s PS ability can also be evaluated from a metacognitive 

perspective independent of discipline. Viewing PS activities through a metacognitive 

lens allows educators to draw attention to and emphasize the transferrable aspects of 

PS that might be overlooked in favour of disciplinary knowledge (Edge et al., 2018; G. 

Klein et al., 2003; Martini & Clare, 2014).  

 

The Current Thesis: Establishing a Triangulated, Data-driven Approach to LOA 

Research Aims 

It is clear that we require data to inform learning outcomes assessment discussions. 

The goal of my research was to develop a sustainable method of collecting such data; 

specifically, about how students develop critical and creative thinking skills through PS 

assignments. I accomplished this goal by examining three essential perspectives of 
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learning outcomes assessment: intention, achievement, and perception. My method 

addresses these research questions: 

Research Question 1: Is an undergraduate science program employing more 

advanced PS assignments in senior years? (intention) 

Research Question 2: Are students’ critical and creative thinking abilities 

progressing through an undergraduate science curriculum? (achievement) 

Research Question 3: How do undergraduate science students perceive their 

developing transferrable critical and creative thinking skills? (perception) 

 

To meet my research goal, I establish a learning outcomes assessment strategy 

referred to as “The Framework.” The Framework uses 1) a Problem Solving Profile 

(PSP) tool to characterize the challenge of PS assignments (intention), 2) a program-

level developmental rubric outlining the PS process and defining success criteria thereof 

(achievement), and 3) a student survey to collect students’ perceptions of their own PS 

development (perception).  

All three tools (PSP tool, developmental rubric, and student survey) are researcher-

generated. To the best of my knowledge, The Framework is original and has not been 

established elsewhere. The principles of The Framework are transferrable to any 

undergraduate context.  

In the 2018-2019 academic year, I implemented a pilot of The Framework and 

collected data concerning 1) assignments, 2) student performance, and 3) student 

perceptions. Data regarding one assignment from each year of the Microbiology degree 

program were collected and analyzed. This information was used to describe the 
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relationships between the program, assignments, and students and answer my 

research questions.  

 

Ontology 

I approached this study from a critical realist and contextual standpoint, using 

multiple data sources to approximate how critical and creative thinking develops through 

an undergraduate science degree.  Critical realism is an appropriate ontological 

framework for this study because critical and creative thinking development is complex 

and cannot be assessed fully from one perspective; multiple and varied sources of 

information are needed to obtain an accurate understanding of how students are 

learning to think critically and creatively. Research implemented through a contextual 

lens considers the context within which information is produced to appropriately 

interpret the data (Braun & Clarke, 2013). Combining critical realism and contextualism 

in my approach provides space to embrace the transferable nature of critical and 

creative thinking; representations of student thinking will vary depending on the 

assignment being examined.  Further, an authentic evaluation of student learning 

considers multiple dimensions of learning outcomes assessment; in this study: intention, 

achievement, and perception. Incorporating three different methods of collecting 

empirical and affective data allows for a data-driven, outcomes-based analysis of how 

students’ PS skills are supported and developed by the program, and how the skills are 

understood by the students themselves. Principles of learner-centeredness guides the 

positioning of this study; this work is oriented to generate real data that considers the 

learning environment provided to students, students’ success in those learning 
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environments, and students’ understanding of how their experience did or did not have 

a positive impact on their growth.  

 

Substantial and Original Contribution to Knowledge 

This work will be foundational for future studies examining longitudinal critical 

and creative thinking achievement in students. This study saw the development and 

validation of two tools: a tool used to characterize the PS profile of undergraduate 

assignments and a program-level developmental rubric outlining the stages of the PS 

process and describing different levels of achievement thereof. To my knowledge, these 

are the first such tools produced and piloted to analyze and assess PS through a 

program. This work produced information that can guide college-wide discussions about 

curriculum development, program mapping, and students’ perceived value of post-

secondary education (Goff et al., 2015; Pollock et al., 2018).  
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Chapter 2: Program Intentions (PS Scaffolding) 

Supporting Students’ Problem Solving Development with Authentic Assessments 

Education often emphasizes isolated, simple, well-structured problems even though 

students will also encounter more challenging, contextual problems in their careers 

(Jonassen, 2000; Newmann, Lopez, & Bryk, 1998). Students who are able to solve 

artificial problems in school are not necessarily equipped to solve ‘messy’ problems that 

they will surely encounter after graduation because these two types of problems 

demand different thinking skills (Jonassen, 2000; G. Klein et al., 2003; Newmann et al., 

1998). Problems that evoke effective learning require the use of metacognitive skills 

because they are usually ill-structured, complex, and are situated in an authentic setting 

(G. Klein et al., 2003; Quintana et al., 2009). Further, by engaging students in PS 

activities educators can simultaneously support students’ PS development and obtain 

the most up-to-date status of students’ PS skills (Joordens, Paré, & Collimore, 2014). 

Given these revelations, a student’s PS abilities cannot be accurately appraised by a 

standardized test, but rather by activities that demand students to exercise authentic PS 

skills (Joordens et al., 2014; Maki, 2010; Newmann et al., 1998).  

The learning outcomes assessment movement encompasses more than simply 

measuring student achievement of outcomes. For a more thorough understanding of the 

longitudinal development of students’ PS skills, we must consider how programs 

scaffold and position assignments to promote sustained learning.  The extent of a 

learner’s PS development is determined by what is required for the problem at hand 

(Mitchell et al., 2005; Wood, Bruner, & Ross, 1976). To promote the development of 

increasingly sophisticated PS skills, assignments should pose more advanced problems 
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as students progress through their degrees. Therefore, a method to discern between 

different challenge levels of PS assignments is required to allow instructors to consider 

how PS challenges are scaffolded over the course of an entire program. 

Using literature reviewed below, I have developed a tool that characterizes a 

problem solving profile (PSP) for individual assignments. This tool encourages 

instructors to document the inherent challenge of the PS assignments they administer to 

students while considering the context within which the assignment is delivered. 

 

Characteristics of Problems 

A problem can be defined as a situation where the action sequence required to 

change the current state of a scenario to some desired end state is unknown 

(Jonassen, 2000).  This conceptualization encompasses diverse problems ranging from 

formulaic mathematical exercises to larger social justice issues. Problems have 

previously been categorized according to dichotomies, such as routine/non-routine, 

structured/unstructured, closed-ended/open-ended (ex. Puccio et al., 2011), but such 

basic classifications face criticism for oversimplifying problems by overlooking the many 

complexities and contextual nuances that contribute to the problem (Jonassen, 2000).  

 Numerous factors contribute to how well a problem can be solved by a particular 

student. These factors can be grouped into one of three categories: inherent qualities of 

the problem, PS environment, and individual differences in problem solvers (Table 1) 

(Jonassen, 2000). Through assignments, educators can control the inherent qualities of 

a problem and the PS environment to stimulate PS development in our students.  
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Table 1: Three categories of characteristics that contribute to the difficulty of a problem 
(from Jonassen, 2000). 

Inherent 
Problem 
Qualities 

Problem Solving 
Environment 

Characteristics of Problem Solvers 

- Structure 
- Complexity 
- Abstractness 

- Clear 
Expectations  

- Cues/Feedback 
 
 

- Disciplinary 
Knowledge/Reasoning 

- Structural/Procedural Knowledge 
- General PS Strategies 
- Confidence 
- Motivation/Perseverance 

 

Inherent Problem Qualities  

Structure 

The structured/unstructured paradigm of problems considers how varying 

degrees of uncertainty and correctness influence the PS process, with structured 

problems possessing a high level of certainty and correctness and unstructured 

problems lacking such a design (Table 2) (Jonassen, 2000). Although real life poses 

both structured and unstructured problems, the latter is underemphasized in higher 

education (Jonassen, 2000). The prominence of structured problems in education may 

persist based on the belief that the processes of solving structured and unstructured 

problems are the same, an assumption that has been debunked by studies showing that 

solving structured problems requires different skills than solving unstructured problems 

(Brookhart, 2010; G. Klein et al., 2003; Newmann et al., 1998).  

 

 

 

 
 



16 
 

 

Table 2: Traits of structured and unstructured problems. 

Structured Unstructured 

- all problem elements are presented 
- prescriptive solution 
- involves predictable application of 

a finite number of well-known rules 
or techniques 

- solutions are knowable (little 
uncertainty) 

- incorporates uncertainty 
- may possess multiple solutions or 

no solutions 
- solution requires learner to use 

discretion in deciding which 
knowledge is relevant to the 
problem 

- may require learners to form and 
express personal judgments 

 

Complexity 

A problem’s complexity is related to the number of variables and their dynamic, 

interconnected relationships within the problem (Jonassen, 2000). Problem difficulty 

increases with problem complexity because complicated problems present a larger 

cognitive load to learners (van Merrienboer, Kirschner, & Kester, 2003). Typically 

unstructured problems tend to be more complex than structured problems, but there are 

many examples of both simple unstructured problems (for example purchasing a 

vehicle) and complex structured problems (for example role play video games) 

(Jonassen, 2000).  

 

Abstractness 

A problem’s abstractness is related to the degree to which the problem is rooted 

in some context (Jonassen, 2000). Students with no prior background knowledge are 

more apt to successfully solve contextualized problems than abstract problems; 

however, students do perform better when they have prior disciplinary knowledge 

(Mulder, Lazonder, & de Jong, 2010). Moreover, recent literature considers PS skills 
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discipline-specific because problems “are situated, embedded, and therefore dependent 

on the nature of the context or domain” and solving such problems enables students to 

develop discipline-specific reasoning skills (p. 68, Jonassen, 2000). While this point 

stands, proficient problem solvers working through a situated problem still rely on non-

disciplinary metacognitive skills to regulate their thinking (G. Klein et al., 2003; Mulder et 

al., 2010; Quintana et al., 2009; Reiser, 2004). This notion is demonstrated by the fact 

that skilled problem solvers can successfully solve problems in a new discipline, 

provided they acquire the appropriate domain knowledge (Mulnix, 2012). The problem 

solver is able to examine the underlying structure of the problem at hand and is 

equipped to “identify and formulate questions relevant” to the problem (Mulnix, 2012, p. 

470). 

 

Problem Solving Environment 

Clear Expectations 

 To successfully complete an assignment, students must understand what 

constitutes good performance on said assignment (Biggs, 1996). Assignments that do 

not set out a clear goal for students often yield vague responses that are off-target 

(Simon, 1988). Simon suggests instructors design assignments to be clear, complete, 

and candid, and points out that in doing so, instructors are not ‘doing’ the assignment 

for the students but, rather, adopting a best practice (Simon, 1988). As students 

become more trained in their discipline, the necessary length and depth of instructions 

needed to explicitly communicate assignment expectations may change. For example, a 

first-year student with no experience finding reputable sources or writing proper 
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literature reviews will need more direction on a literature review assignment than a 

fourth year student performing a similar task. However, to maximize success, both 

students must have a clear understanding of what is expected of them. 

 

Cues/Feedback 

 Instructors can embed cues or hints into their assessments to nudge students 

towards a successful solution (Jonassen, 2000). Feedback practices are important in 

communicating to students how they can improve their learning and successfully meet 

course expectations (Banta, Lund, Black, & Oblander, 1996). Instructors can use cues 

and feedback in assignments to scaffold assignments and help novice problem solvers 

navigate ambiguous problems (Schmidt, Rotgans, & Yew, 2011). The principle behind 

scaffolded education is to support students improving their PS skills until they are able 

to complete challenging assignments with little to no assistance, thereby meeting 

program expectations (Goff et al., 2015; van Merrienboer et al., 2003). The level of 

support that should be built into an assignment depends on a number of factors 

including student competence, course context, and the inherent challenge of the 

problem.  

 

Characteristics of Problem Solvers 

Beyond the inherent qualities that contribute to a problem’s difficulty, learners 

themselves also bring variance in their ability to solve problems (Mulder et al., 2010). 

Previous experience with solving problems drastically affects a person’s ability to solve 

new problems; experienced problem solvers recognize situational circumstances and 
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use their memory to match the current problem to one they have successfully solved in 

the past (Ross, Klein, Thunholm, Schmitt, & Baxter, 2004).  While expert problem 

solvers possess dense, interconnected knowledge organizations and tend to find 

adequate solutions quickly (Ambrose, Bridges, DiPietro, Lovett, & Norman, 2010; 

Mulder et al., 2010; Ross et al., 2004), some literature questions whether the solution 

they select is the best solution to implement (Gary Klein, Associates, & Ara, 2008). 

Novice problem solvers tend to have sparse, disconnected knowledge organizations, so 

they solve problems by progressing slowly and deliberately through each of the PS 

stages, forging connections as they proceed (Ambrose et al., 2010; Mulder et al., 2010). 

Of the three categories that contribute to the difficulty of a problem (Table 1), 

Characteristics of Problem Solvers is the only category that is out of educators’ – and 

researchers’ – control. Although the population of students at the University of Guelph 

bring diverse experiences to the classroom, I assume that the undergraduate students 

participating in my study are novice problem solvers who are well positioned to expand 

their PS skills by studying a discipline and developing their metacognitive abilities. 

 

Meaningful Assessment of Problem Solving 

Although there are currently no tools to formally rank PS assignments, 

academics have studied the impact of student assignments on PS ability. Some studies 

have investigated the impact of high-quality assignments on student performance in 

Chicago elementary schools (ex. Bryk, Nagaoka, & Newmann, 2000; Mitchell et al., 

2005; Newmann et al., 2001, 1998). In these projects, researchers collected a sample 

of assignments and used researcher-generated rubrics to evaluate the intellectual 
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demands posed to students by assessing the assignment’s ability to engage students in 

knowledge construction, communication, and real life application of principles (Mitchell 

et al., 2005; Newmann et al., 1998). Although one study presented their criteria within 

disciplinary contexts, Newmann et al. deliberately kept their criteria content-neutral to 

focus on students’ transferrable skills and ensure that their standards could be used to 

evaluate the intellectual quality of assessments across disciplines (Newmann et al., 

1998).  

The concepts of contextualized analysis of student performance and discipline-

neutral evaluation of assignments are pertinent when considering how learning 

outcomes – including PS – can be meaningfully assessed in an undergraduate degree 

program (Klemenčič & Chirikov, 2015). While the work done in Chicago elementary 

schools highlights the importance of interpreting student performance data within 

context, the rubrics assessing assignment quality were subject to interpretation by the 

randomly selected evaluators participating in the study (Bryk et al., 2000; Newmann et 

al., 1998). In these studies, researchers examined standardized elementary school 

curricula, permitting the reasonable use of randomly selected assessment evaluators 

(Bryk et al., 2000; Mitchell et al., 2005; Newmann et al., 1998). With the exception of 

accredited programs, post-secondary curricula are not standardized, thus any efforts to 

implement an evaluation of assignment quality using blind, randomized reviewers would 

be misguided. 
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Authentic and Embedded Assessments 

Given that PS is most effectively evaluated in discipline-specific contexts where 

students are pushed to their intellectual limits, authentic assessments (AAs) are ideal 

tools to collect information about students’ PS abilities because these assessments are 

complex, meaningful tasks that require students to use their knowledge and skills in an 

original way (Newmann et al., 2001). AAs are based on real life activities, align with 

high-level learning outcomes (ex. program-level and institutional-level), and encourage 

students to focus on long-term growth (AACU, 2017; Newmann et al., 1998; 

Newmaster, Lacroix, & Roosenboom, 2006; “Signature Assignments and Rubrics,” 

2016; Svinicki, 2004; Wiggins, 1990).  Because AAs can be linked to a cascade of 

learning outcomes, student performance data from assessments embedded in a degree 

program can be used to make inferences about how students are achieving high-level 

learning outcomes (Maki, 2010; Martini & Clare, 2014; Worthington, Dewancker, 

LaRush, Lackeyram, & Dawson, 2017). The term “embedded” is used to describe 

assessments that are built into a course (Wilson & Sloane, 2010), while the term 

“authentic” refers to the context of the assessment and how closely the assessment 

context aligns with both the real-world context and the student’s capabilities at the time 

of assessment (Newmann et al., 1998; Newmaster et al., 2006; Svinicki, 2004; Wiggins, 

1990). Assessments can be embedded and authentic simultaneously.  I selected four 

embedded AAs (one from each year of a four-year degree program) for this study in an 

attempt to capture the students’ most sophisticated PS skills at various stages of 

learning in the program. 
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The Problem Solving Profile Tool 

The recognition that PS is a measurable indicator of critical and creative thinking 

makes assessment of student thinking possible. PS is a cognitive process that both 

transcends discipline and is rooted in discipline; this complexity points to well-designed 

assessments as tools that can simultaneously support and evaluate the metacognitive 

aspects of students’ PS skills. However, there are currently no published tools that 

compare the PS content of authentic assessments. To the best of my knowledge, this 

thesis offers the first published tool designed to characterize the PS challenge of 

various assignments. The development of this tool was guided by the literature, which 

highlights how problem attributes, assignment design, and student experience influence 

PS assessments.  

The nature of an assignment can limit the depth of thinking a student engages in 

when completing the assignment and, by extension, our ability to gauge a students’ true 

cognitive abilities. For example, a primary school-level physics test would not be an 

appropriate tool to gauge the depth of Dr. Stephen Hawking’s true genius. To the best 

of my knowledge, I pioneered the development of the first PS classification tool to 

evaluate the PS demands posed by assignments used in an undergraduate program. 

The classification tool follows the format of an index, which is an appropriate 

representation in this project because indices relate numerous qualities to produce a 

single value that can be used to compare complex items that are normally difficult to 

compare (Guba & Lincoln, 1981). PS profile data will situate student achievement data 

within the varied intellectual contexts created by AAs.  
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To accurately appraise PS assignments, this index clearly evaluates the 

transferrable aspects of PS while acknowledging that authentic PS activities are rooted 

in context. Specifically, the index assesses inherent problem qualities (structure, 

complexity, abstractness) and the PS environment (clarity of expectations, 

cues/feedback) to obtain a robust measurement of the challenge posed by the AA. 

Because student experience largely influences the impact of an assignment, the PSP 

tool cannot be used solely by an evaluator external to the course; many elements of the 

index are highly contextual and can be accurately appraised only in consultation with 

the course instructors. The PSP tool used in this study was validated by two focus 

groups of educational professionals before it was used by course instructors to assign 

PS scores to AAs. 

 

Methods 

The methods described here have been approved by the University of Guelph 

Research Ethics Board (18-05-009). Participants contributed to the study of their own 

free will and written evidence of informed consent were collected before participants 

became involved with the study. 

 

Selection of Problem Solving Assignments 

Data was collected from one assignment from each year of the microbiology degree 

program. The assignments were selected because they were the subject of informal 

praise by students and other instructors and represent thoughtful, well-designed 

assessments that mimic real world activities. These assessments were designed by 

instructors who are actively engaged in the scholarship of teaching and learning; these 
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individuals were interested in and available to participate in this study. The assignments 

were selected from three mandatory courses and one restricted elective for the 

Microbiology Honours undergraduate program. One assignment was selected from 

each year of study to simulate longitudinal analyses, allowing us to predict how this type 

of data can be used if it were collected routinely for several years. 

 

Development and Validation of the Problem Solving Index Tool 

A list of factors contributing to the difficulty of a PS assignment was created 

based on literature exploring characteristics of problems and assessment design 

principles (Biggs, 1996; Jonassen, 2000; G. Klein et al., 2003; Lazonder, Hagemans, & 

de Jong, 2010; Mulder et al., 2010; Quintana et al., 2009; Reiser, 2004; Schmidt et al., 

2011; Simon, 1988). The tool was formatted as a scale and encourages the user to 

consider how five PS aspects are represented in their PS assignment (Appendix A).  

Ten local experts on rubrics and instructional design participated in the first 

validation activity. Participants were introduced to the PSP tool and informed of its 

purpose and construction. Participants were then asked to use the tool on a sample 

assignment and its rubric and were given a worksheet with feedback prompts. After 

identifying challenges and areas for improvement, participants offered suggestions to 

help improve the PSP tool. 

The feedback collected from the first validation activity was used to improve the 

index. Six local experts participated in the second validation (four of whom previously 

participated in the first validation). The validation exercise was repeated with minor 

changes and participants raised only a few, surface level concerns (formatting, slightly 
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different language, etc.). Minor adjustments were made before the PSP tool was ready 

for use. 

 

Using the PS Profile tool to assign AAs a PS score 

At the beginning of each semester, I scheduled an initial meeting with 

participating instructors to discuss the details of the study. After obtaining consent from 

the instructors, I gave them a survey consisting of the PSP tool, the program-level 

rubric, and additional questions aimed to prepare the instructors to think deeply about 

their assignment from a pedagogical point of view. I remained in the room while the 

instructor completed the survey and answered any interpretation questions they had 

while completing the survey. I did not co-construct any responses; I acted only as a 

resource to help them interpret the survey. In cases where multiple instructors managed 

the assignment, two instructors were present for the survey and found consensus 

before responding to each question. In some cases, to avoid my own misinterpretation 

of the survey responses, I contacted instructors two weeks after completing the survey 

to clarify my understanding of their survey responses.  The data was analyzed and 

visualized using Microsoft Excel. 

 

Reflection 

Collecting the PS Profile data was a pleasant experience; instructors were happy that I 

wanted to use their assignments as PS milestones and were very cooperative 

throughout the process. My presence was helpful when the instructors completed the 

survey; they were able to think out loud and bounce ideas off me. 
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Results 

PS Profiles of four Authentic Assessments 

Instructors of the selected AAs used the PSP tool to characterize the PS profile 

of their AA (Figure 2). The overall PS Profile score (sum of all five PS aspects) 

increases with year level (Table 3). With the exception of one PS aspect (Real World 

Connection/Simulation), the PS Profiles indicate maintenance or increased challenge of 

each PS aspect as year level increases.  

 

 

   
 

Table 3: Overall PS Profile scores of four authentic assessments employed in the Microbiology degree 
program at the University of Guelph. 

 Year 1 AA Year 2 AA Year 3 AA Year 4 AA 

Overall PS Score* 15.5 17.5 19 24 

*Maximum PS score attainable is 25 

 
Table 2: Overall PS Profile scores of four authentic assessments employed in the Microbiology degree 
program at the University of Guelph. 

 Year 1 AA Year 2 AA Year 3 AA Year 4 AA 

Overall PS Score* 15.5 17.5 19 24 

*Maximum PS score attainable is 25 

 
Figure 2: The Problem Solving Profiles of four authentic assessments employed in the Microbiology degree program at the 
University of Guelph. 
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Discussion 

PS Profiles of four Authentic Assessments 

These data represent, in part, the diversity of problems and show how different 

problems elicit thinking in students. Overall PS scores increase with year level, 

suggesting that more challenging PS assignments are administered as students 

progress through their degree (Table 3). This finding suggests that the PS complexity of 

the first, second, and third year assignments are well-scaffolded within the program and 

that students may have adequate support to help them meet educators’ growing 

expectations until fourth year, when students may face a larger learning gap than in 

previous years. 

The PS Profiles indicate how each of the five PS aspects contribute to the overall 

challenge of each AA. Most aspects (nature of correct solution, depth of understanding, 

metacognitive activity, and expectations/cues) either maintain or increase their 

contribution to the PS challenge with each year (Figure 2). One aspect (real-world 

connection/simulation) decreases from Year 1 to Year 3 before reaching its maximum 

value in Year 4. This discrepancy may be an artifact of the study; the four AAs selected 

were chosen because they are well-designed capstone assessments. In particular, the 

Year 1 AA exposes first year students to various perspectives within biology and 

supports the development of numerous soft skills pertinent to success as a scientist. 

These qualities may explain why the Year 1 AA scored highly in the Real-World 

Connection / Simulation and Metacognitive Activity aspects.  

The ‘expectations and cues’ aspect increased every year, with its lowest value in 

Year 1 and its highest value in Year 4. After a large increase between Year 1 and Year 
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2 (difference of 2.5 units), the ‘expectations and cues’ aspect experienced small 

increases between Year 2 and Year 3 (difference of 0.5 units) and Year 3 and Year 4 

(difference of 0.5 units). Providing students with enough instruction and examples is an 

appropriate practice for first year students because these individuals may need 

additional support as they are introduced to a new discipline (Goff et al., 2015; van 

Merrienboer et al., 2003). However, too much support hinders the learning process; the 

gradual removal of support is essential to support students’ continued learning and 

development of self-regulation skills (Ambrose et al., 2010; van Merrienboer et al., 

2003). There are currently no best practices to suggest how quickly these supports can 

be scaffolded, thus giving no indication concerning the appropriateness of the large 

difference between Year 1 and Year 2. 

 In summary, these PS Profiles suggest that these four capstone assignments are 

well-scaffolded overall within the Microbiology program. 

 

Advantages and Limitations 

Although this study exclusively surveyed authentic assessments, the PSP tool is 

designed to accommodate non-authentic assessments as well. Used extensively 

throughout a program, PS Profiles may provide a reasonable metric through which 

educators may compare different assignments and obtain a comprehensive 

understanding of the program’s assessment strategy over a four-year degree. 

One limitation of this approach is that the PS Profiles do not indicate students’ 

abilities to solve problems. The PS Profile data must be cross-correlated with student 

achievement data to provide detailed information about the students’ ability to navigate 
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the problem while considering the situational nuances of the assignment. In other 

words, when used to gauge learning outcomes achievement, the PSP tool may prove 

most useful by contextualizing the analysis of other types of student data. 

Finally, this study represents the pilot use of the PSP tool. The PSP tool has 

been validated to the point of first use and, therefore, has not yet been validated by 

statistical methods used to quantify the validity and reliability of its use. Although such 

testing may be an area for future work, I emphasize an underlying principle and the 

original intent of the PSP tool: to leverage the individuality of each AA represented by 

the uniqueness of each class and instructor who employs the AA. The PSP tool is a 

flexible tool not meant to be applied by those unfamiliar with the course context; I 

maintain that each instructor is the expert of their own class and assignment. Such 

individual application of the tool makes identifying appropriate statistical tests to apply to 

the tool challenging. To my knowledge, my PSP tool is the only instrument that analyzes 

PS assignments. It will be interesting for future studies to validate the PSP tool against 

other tools when they are developed to gauge the difficulty and complexity of PS 

assignments (American Educational Research Association, American Psychological 

Association, National Council on Measurement in Education, & Joint Committee on 

Standards for Educational and Psychological Testing (U.S.), 2014). 

 

Conclusion 

This thesis makes a major contribution to the field of educational development 

with the first description and piloting of a tool developed to compare the PS content of 

different assignments. The PS Profile tool is based on cognitive literature and best 
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practices concerning assessment design, and provides insights concerning the 

longitudinal scaffolding of assessments throughout a program. The PS Profile tool is 

critical in representing the intention perspective foundational to the current thesis 

methodology. Future LOA projects wishing to include the intention perspective ought to 

consider implementing the PS Profile tool or using its underlying principles to develop 

an appropriate variation of this tool. 

The data generated by the PS Profile tool can be leveraged in departmental 

discussions regarding curriculum mapping, learning outcomes assessment, and 

incorporation of authentic learning experiences (Goff et al., 2015). Although the PS 

Profile data alone can provoke interesting conversation about program design, 

coordination with student achievement data (Chapter 3) and student perceptions of 

assessments (Chapter 4) can provide educators with more meaningful and actionable 

information.  
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Chapter 3: Student Achievement 

Learning Outcomes Assessment Strategies 

The learning outcomes movement has gained traction in Ontario’s post-

secondary landscape, particularly at the course and program levels (Goff et al., 2015). 

Commonly, outcomes assessment projects take the form of curriculum mapping 

projects where course outcomes are mapped to program outcomes. Additionally, 

educators often focus on how course outcomes are mapped to assessment activities 

and how these outcomes are evaluated using task-specific rubrics. These three levels 

of outcomes (assessment, course, program) exist in a hierarchical relationship (Figure 

3). 

 

This framework enables educators to use students’ assessment performance to 

make inferences about their achievement of course and program outcomes 

(Worthington et al., 2017). While this “linear alignment” approach is quick and intuitive, it 

is limited in its ability to document nuanced information about complex cognitive skills 

and students’ competencies. The term “nuanced information” is used to describe 

 

Figure 3: Linear alignment approach to learning outcomes assessment. 

 

 

Figure 3: Linear alignment approach to learning outcomes assessment. 
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detailed information embedded in student work that are indicators of student 

achievement but may not be represented formally or explicitly in the course learning 

outcomes or program learning outcomes. Linear mapping of course learning outcomes 

occasionally results in larger, holistic program learning outcomes being deconstructed 

into component skills, sometimes oversimplifying the program learning outcome. Many 

high-quality assignments are holistic assessment activities that may align very closely 

with a whole program learning outcome. In the linear approach to outcomes 

assessment, researchers deconstruct the holistic assignment when aligning it to course 

outcomes and then consolidate a number of course outcomes to align the course to a 

holistic/sophisticated program outcome. Nuanced information about the students’ 

performances and skills may be lost in the process of deconstructing and consolidating 

student work. To make the best approximation of program outcomes achievement, key 

assignments can simply be compared in their wholeness to the appropriate program 

outcomes in their wholeness in an “integrated alignment” approach to outcomes 

assessment (an idea I introduce here but that is discussed elsewhere, ex Hodgson, 

Varsavsky, & Matthews, 2014) (Figure 4). In addition, using an integration strategy to 

shape curriculum mapping projects ensures that updates to course learning outcomes 

do not interfere with the accurate mapping of assignments to program learning 

outcomes; modified course learning outcomes do not affect how an assignment aligns 

with or accomplishes program outcomes. 



33 
 

 

 

This “integrated alignment” strategy of using program outcomes to situate 

assignments and guide the program can help students identify the transferability of 

particular skills. This effect can be enhanced with the introduction of a program-level 

rubric describing the overarching skill that is developed throughout their program. If the 

students are told what a program outcome looks like solely in the context of one 

particular assignment, they may struggle to understand how transferrable the skill really 

is. If students are to identify transferable thinking, educators need to use metacognitive / 

transferrable language to discuss the skills being taught.  

Rubrics are among the most versatile assessment tools available to educators 

and can be used to help students learn about the skill and discern between 

accomplished/achieved and developing phases (Massa & Kasimatis, 2018). To support 

students’ learning and contextualize educational analyses, I suggest the development of 

a program-level rubric describing the Problem Solving and Critical Thinking program 

outcome. 

 

 

Figure 4: Integrated alignment approach to learning outcomes assessment. 

 
Table 3: Number of students who consented to share their grades on the selected 

AA.

 

Figure 4: Integrated alignment approach to learning outcomes assessment. 
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Program Level Rubrics as an Outcomes Assessment Tool 

To accurately examine one learning outcome over an entire program, one must 

mitigate inherent differences between assignments. In this project I examine one 

assignment from each year of the MICR program, and although they are all part of the 

MICR calendar, there are too many differences to justify a direct comparison (e.g. 

differences between assignments, courses, students, and instructors). The program-

level rubric is a tool designed to normalize student achievement on the PS aspects of 

assignments. Assignment rubrics are analyzed and points awarded for PS 

elements/activities (i.e. concept maps, argumentation, etc.) and are aligned to specific 

rows on the PS rubric. This alignment helps analysts realize how well students 

performed on PS activities versus other activities in the assignment (i.e. 

spelling/grammar, citations). This PS rubric acts as a common ground upon which to 

compare students in different courses and years of study. 

In addition, this PS rubric helps instructors find an intermediate language and 

framework to guide their students through development of complex cognitive skills. 

Assignment rubrics are detailed and align with one particular task – sometimes making 

it challenging for students to conceptualize their transferrable skills beyond that 

particular task. Institutional rubrics are abstract – able to be interpreted in every 

discipline and speaking broadly about broad skills, making it challenging for both 

instructors and students to relate the rubric to every day work/assignments. A program-

level skills rubric provides an intermediate tool that can relate to both the detailed 

assignment rubric and the abstract institutional rubric. Program-level rubrics provide 

specific yet flexible interpretations of cognitive skills and help users discern between the 



35 
 

 

different subskills and levels of competency thereof. In this way, the program-level skills 

rubric can help guide students through the years-long development of PS skills while 

helping educators understand how their students need to be supported as they move 

through the development (untrained-to-expert) paradigm. 

 

Contextualized Outcomes Analysis 

In the absence of a program-level rubric for the Bachelor of Science “Problem 

Solving and Critical Thinking” learning outcome, I developed a rubric de novo for this 

outcome based in the literature. Since this rubric resides at the program level, it focuses 

on skills instead of assignments. The creation of a new rubric instead of repurposing a 

rubric already in existence is a rational decision for a number of reasons: 

o Epistemological positioning. Many rubrics are built on views of problem 

solving and critical/creative thinking that are fundamentally different from that 

used in this study. The underlying epistemology influences the development, 

wording, interpretation, and application of the rubric. 

o Evaluation focus. Many developmental rubrics assess the processes in 

which students engage, not the students’ final work (“Types of Rubrics,” 

2019). However, given that most problems in undergraduate courses have a 

correct solution, an accurate assessment of student learning should also 

consider the final product. If a student can navigate the problem solving steps 

but consistently fails to successfully solve the problem, I argue that the 

student is not a proficient problem solver. To be a successful problem solver, 

students must navigate the process and find an appropriate solution. 



36 
 

 

o Alignment. The VALUE rubrics are used extensively as the basis for 

institutional learning outcomes (“VALUE,” 2019). While these tools outline 

essential skills learned in classrooms, the rubrics were not intended for use at 

the classroom level; rather they were meant to be used to guide institutional 

learning goals (Grouling, 2017). The program-level PS developmental rubric 

is a tool intended to complement the institutional rubrics by articulating the 

development of one skill with concrete and detailed language, facilitating 

alignment with classroom level rubrics. 

o Reliability. Each institution has a distinct community and language that is 

commonly understood across campus. This rubric is designed by a University 

of Guelph student for University of Guelph courses. Two focus groups 

ensured that the language used in the rubric reflects the ways our educators 

discuss higher education and helps ensure that the document is interpreted 

consistently by different folks from across campus.   

o Authenticity. Our graduates find careers in varied fields. This rubric is 

informed and shaped by literature about diverse, real-life problem solvers. 

This authenticity helps our students realize the versatility of their problem 

solving skills. 

o User-friendly. This rubric was designed to make its application easier for 

individuals without a strong background in cognitive science. The reader 

should not be trying to decipher the rubric; they should be focusing on 

integrating/identifying elements of problem solving in their courses. 
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o Current. Rubrics are living documents that should be reviewed and updated 

periodically to accommodate new information. 

For this research study, the program-level problem solving rubric was used in 

conjunction with the PSP tool (see Chapter 2) to collect information about the impact of 

the assignment and how students’ problem solving skills are truly progressing in the 

Microbiology program.  

 

Methods 

The methods described here have been approved by the University of Guelph 

Research Ethics Board (18-05-009). Participants contributed to the study of their own 

free will and written evidence of informed consent were collected before participants 

became involved with the study. 

 

Development and Validation of the Program-Level Problem Solving Rubric 

This PS rubric models the development of students’ PS skills as they progress 

from untrained problem solvers to expert problem solvers (Appendix B). In real life, PS 

requires the application of disciplinary, learned knowledge to a unique and complicated 

scenario.  Although successful PS requires correct disciplinary knowledge, this rubric 

focuses on the student’s ability to recognize and use relevant knowledge in new 

situations. The rubric focuses on the transferrable aspects of PS because the 

disciplinary knowledge relevant to PS assessments changes with each assessment 

while the general phases of PS are consistent. The criteria used in this rubric were 

identified after reviewing numerous PS theories in the literature (ex. Bransford & Stein, 

1984; Bryant, 2006; Greiff, Fischer, Stadler, & Wüstenberg, 2015; Ilevbare, Probert, & 



38 
 

 

Phaal, 2013; Jonassen, 2000; Klein et al., 2003; Matsuo & Nakahara, 2013; Mayr, 

Smuc, & Risku, 2010; McLennan & Omodei, 1996). The rubric was validated using the 

same validation method used with the PSP Tool (Chapter 2). 

 

Alignment of Program-level PS rubric with Institutional Critical and Creative Thinking 

Rubric 

The program-level PS rubric is designed to help educators gauge students’ 

critical and creative thinking based on their PS performance. The University of Guelph 

lists “Critical and Creative Thinking” as an institutional outcome, and denotes “Problem 

Solving” as one manifestation of critical and creative thinking (Desmarais, 2012). Our 

institutional definition of “Problem Solving” is “a process in which one works through a 

series of operations to come to a conclusion” (Desmarais, 2012). The program-level PS 

rubric expands upon this definition and explores performance indicators of different 

levels of problem solving adequacy. 

 

Alignment of AA rubric with Program-level PS rubric 

Instructors were given one survey that was used to both assign the AA a PSP 

and align the AA rubric with the program-level PS rubric. The method describing the 

administration of this survey is described in Chapter 2. 

 

Collection of Student Performance Data 

At the beginning of the F18 and W19 semesters, I visited the classes of 

participating instructors. I introduced the study and requested signed consent from the 
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students granting me permission to access their graded rubrics after the end of the 

term. I did not disclose which assignment was being studied. I collected the signed 

consent forms and handed them to my supervisor, who stored them in a locked filing 

cabinet in their office until the semester had concluded.  

After the end of the semester, the consent forms were given to a disinterested 

third party consisting of Anamika Dutta (Work Study student, OpenEd) and Jeni 

Spencer (Educational Analyst, OpenEd). The third party compiled a list of consenting 

students and contacted the instructors directly requesting the rubrics of said students. 

After receiving the rubrics, the third party de-identified the rubrics and gave them to me 

for analysis. 

 

Analysis of Student Performance Data 

 The student performance data was analyzed in SPSS 25 and visualized in 

Microsoft Excel. Grades of students who dropped the course or who were accused of 

academic misconduct were not included. A student grade template in Excel was 

designed for each of the four courses in this pilot study and consisted of a column for 

student names, student ID numbers, and column(s) for student grades on the entire 

assignment or assignment components, according to the nature of the assignment. The 

third party de-identified the data by deleting the columns containing student names and 

ID numbers; no additional cleaning or formatting was required. The data was then 

imported into SPSS 25 for analysis. 
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Reflection 

The analysis of student grades seemed overwhelming at the beginning but was 

actually a fairly simple process. Because each assignment is unique, the data 

formatting and linkages to the program-level rubric (collected in the instructor survey) 

were unique. The biggest challenge was deciding how best to format the data and 

which statistical tests can be used on this data, which I did with the advice of Lucia 

Costanzo (Data Resource Centre Analyst, McLaughlin Library, University of Guelph).  

 

Results 

Rubric Structure 

The Program-level PS rubric structure resembles that of an analytic rubric 

because it employs both rows that describe different elements of the PS process and 

columns that describe various levels of achievement for each row (Jonsson & Svingby, 

2007; Mertler, 2001). The five rows are derived from the literature and include the four 

common PS steps identified in the literature: 1) understanding the problem, 2) exploring 

potential solutions, 3) implementing a selected solution, and 4) reflecting on the 

experience (see Chapter 2). On the rubric, the second step of PS (exploring potential 

solutions) is broken further into two steps: ‘analyzing context’ and ‘selecting strategies’. 

‘Exploring potential solutions’ is a large, complex step in the PS process and involves 

different types of thinking and judgment by the problem solver. Given that this rubric is 

meant to be used in an instructional setting where individuals may be learning about the 

PS process formally for the first time, I deconstructed the ‘exploring potential solutions’ 

to provide some additional guidance and direction to the user. 
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 The rubric uses four columns to describe different achievement levels of a 

problem solver: untrained, novice, competent, and proficient. The first three columns 

follow the typical structure of an analytic rubric: one box for each rubric row. This 

structure implies that a student’s performance on the different rows are independent of 

each other; that a student may be competent at “analyzing context” but may perform 

poorly on “implementing strategies”. This logic does not apply to the fourth column, 

proficient, because to truly be a proficient problem solver means that the individual has 

mastered all of the component steps of the PS process. That is, to solve a problem like 

an expert, the student must be able to expertly navigate every element of PS and in 

doing so, weave the PS elements together to yield a cohesive solution. This ability to 

seamlessly move through the PS process is an important quality of proficient problem 

solvers because authentic problems often require an individual to visit and revisit 

different PS steps – complex problems are seldom solved by moving through the PS 

process in a linear fashion. This seamless quality of problem solvers is represented in 

the rubric by merging the five boxes in the ‘proficient’ category. This non-typical rubric 

structure is not compatible with every AA; depending on their underlying design, some 

AAs cannot be mapped to the ‘proficient’ box because these assignments are not 

designed to promote integrated PS, focusing instead on component PS skills.  

 

Participation 

A portion of each class consented to share their grades on the selected AA with the 

research team (Table 4). These numbers exclude students who consented to participate 

but were accused of academic misconduct. 
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Alignment of the PS Rubric with AA rubrics 

The instructors of the selected AAs aligned their AA grading scheme to the 

Program-level PS Rubric (Figure 5). The first year AA mapped to the discrete 

“Competent” column but could not be mapped to the “Proficient” column, while the 

second year AA was mapped to the “Proficient” column but not to the “Competent” 

column. The third year AA mapped to the integrated “Competent” column and the 

“Proficient” column. The fourth year AA mapped to the discrete “Competent” column 

and the “Proficient” column. The “Implementing Strategies” criteria of the program-level 

PS rubric aligned with only one of the selected AAs. 

 

Table 4: Number of students who consented to share their grades on the selected AA. 

Course Number of students who 
completed the course 

Number of consenting 
students 

Percent 
participation 

Year 1 496 294 59.3% 

Year 2 57 35 61.4% 

Year 3 60 30 50.0% 

Year 4 31 28 90.3% 
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Course Number of students who 
completed the course 

Number of consenting 
students 
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participation 

Year 1 496 294 59.3% 

Year 2 57 35 61.4% 

Year 3 60 30 50.0% 

Year 4 31 28 90.3% 
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Student Performance 

The AA grades of consenting students were analyzed to determine how many 

students performed at the “Proficient” and/or “Competent” levels (Figure 6). Students 

whose work did not fully meet the criteria for “Competent” nor “Proficient” achievement 

fall under the “Performance Indistinguishable” category.  

a) Year 1 

Criteria Untrained Novice Competent Proficient 

Understanding the Problem     

Analyzing Context    

Selecting Strategies    

Implementing Strategies    

Evaluating Approach    

 
b) Year 2 

Criteria Untrained Novice Competent Proficient 

Understanding the Problem     

Analyzing Context    

Selecting Strategies    

Implementing Strategies    

Evaluating Approach    

 
c) Year 3* 

Criteria Untrained Novice Competent Proficient 

Understanding the Problem     

Analyzing Context    

Selecting Strategies    

Implementing Strategies    

Evaluating Approach    

 
d) Year 4 

Criteria Untrained Novice Competent Proficient 

Understanding the Problem     

Analyzing Context    

Selecting Strategies    

Implementing Strategies    

Evaluating Approach    
 

*Due to the nature of the assignment rubric, the Year 3 assignment targets the integration of all 
five rows on the PS Rubric at both the “Competent” and “Proficient” levels. 
 

Figure 5: Program-level PS Rubric quadrants targeted by selected assignments of the University of Guelph 
MICR program. 

 

 
e) Year 1 

Criteria Untrained Novice Competent Proficient 

Understanding the Problem     

Analyzing Context    

Selecting Strategies    

Implementing Strategies    

Evaluating Approach    

 
f) Year 2 

Criteria Untrained Novice Competent Proficient 

Understanding the Problem     

Analyzing Context    

Selecting Strategies    

Implementing Strategies    

Evaluating Approach    

 
g) Year 3* 

Criteria Untrained Novice Competent Proficient 

Understanding the Problem     
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Discussion 

Alignment of the PS rubric with AA rubrics 

The grading schemas of the selected AAs were each successfully aligned with 

the program-level PS rubric and each alignment was different (Figure 5). This finding 

 

Figure 6: Student performance on PS aspects of selected AAs according to a) year level and b) PSP score. 

 
 
 
 
Table 5: Student participation in the anonymous survey
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suggests that each of the selected AAs targets students’ PS skills in a unique way. 

These unique linkages may be a property of AAs themselves: a truly authentic 

assessment is authentic to both the learning activity (real-world connection) and the 

stage of learning required for the learner (appropriate scaffolding) (Svinicki, 2004). 

Assignments aiming to support different learning goals for students should have 

different end points with outcomes that match the level of learning appropriate for the 

learner and their abilities (Cohen, 1987). The four AAs selected in this study were 

designed for students at different stages of learning; hence the observation that they 

align differently to the program-level PS rubric is reasonable and expected.  

The Year 1 AA uses a structured, analytical rubric that exclusively targets the 

Competent column (Figure 5). Perhaps the Year 1 AA introduces students to the 

various elements of PS without expecting students to demonstrate expert-level PS 

skills. The Year 2 AA is a semester-long, integrated case study with a grading key that 

exclusively targets the Proficient column. This alignment suggests that the Year 2 AA 

encourages students to integrate knowledge and, albeit with introductory-level 

knowledge, approach complex problems with expert-level skills. The Year 3 AA is a 

report summarizing a weeks-long independent laboratory experiment designed and 

performed by each student, with a flexible rubric that aligns with the entire Competent 

column and the Proficient column. The flexibility of the rubric comes from the graders 

altering the weight of each row according to how well the student performed on the 

assignment overall to yield a grade that more accurately reflects the students’ work. The 

alignment with both the entire Competent column and the Proficient column suggests 

that this AA may be graded for students’ ability to report wholly on the laboratory 
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problem in an integrated manner. The Year 4 AA is a research proposal for an 

experiment designed to answer a current real-world problem identified by the students, 

with a holistic rubric that aligns with most Competent quadrants and the Proficient 

quadrant. The individual alignment with Competent quadrants suggests that the AA 

provides students with the opportunity to demonstrate their competence at the various 

elements of PS. The alignment of the Year 4 AA rubric with the Proficient quadrant 

suggests that students also have the opportunity to demonstrate their ability to complete 

the task with expert-level skills.  

The “Implementing Strategies” criteria of the program-level PS rubric was aligned 

with only one of the four AAs (Figure 5), because this AA requires students to enact 

their solutions; the remaining three AAs are simulated experiences that do not provide 

students with the opportunity to actually implement their proposed solutions.  

 

Student Performance 

Due to the unique linkages between the AA rubrics and the program-level PS 

rubric (Figure 5), student performance data from each AA must be considered 

individually and within their context.  

The Year 1 AA rubric allowed graders to differentiate between students who 

achieved competence and those who did not; however, the assignment’s grading rubric 

could not distinguish between Competent performance and Proficient performance 

(Figure 5). Of the consenting students, 64.3%  achieved Competence, meeting the 

problem solving standard for the assignment. Since most students were able to perform 

at the desired performance level, this AA may be an appropriate assignment for first 
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year students to establish their basic problem solving skills and prepare for the problem 

solving development to follow in upper years. 

The Year AA 2 rubric allowed graders to differentiate between students who 

achieved Proficiency and those who did not, however the assignment’s grading rubric 

could not distinguish between Competent performance and Proficient performance 

(Figure 5). Of the consenting students, 57.1% achieved Proficiency, meeting the 

problem solving standard for the assignment. Over half of students performed at an 

advanced level of problem solving; however, we do not have sufficient data to suggest 

how competent the remaining 42.9% of students are with their problem solving skills: 

perhaps they almost achieved Proficiency, or perhaps their skills were grossly 

underdeveloped. Additional parameters may be investigated in future studies to further 

characterize the assignment and the scaffolding leading up to the assignment. 

The Year 3 AA rubric allowed graders to differentiate between students who 

achieved Proficiency, students who achieved Competence, and students whose 

performance did not meet either of these standards (Figure 5). Of the consenting 

students, 46.7% achieved Proficiency and 36.7% achieved Competence; in total, 83.4% 

of students met or surpassed the PS expectation for this assignment. This result 

suggests that the students are well-prepared to succeed in this assignment and may be 

a result of effective scaffolding both within the third year course and the program 

overall. Upper year learning often incorporates skills and knowledge acquired in lower 

level courses, thus the ability to succeed in complex activities relies, in part, on 

students’ previous learning (Ambrose et al., 2010). At the same time, proper scaffolding 
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must exist within a single course to support students as they prepare for and engage in 

more demanding assessment activities (Goff et al., 2015; van Merrienboer et al., 2003). 

The Year 4 AA rubric allowed graders to differentiate between students who 

achieved Proficiency, students who achieved Competence, and students whose 

performance did not meet either of these standards (Figure 5). 14.3% of students 

achieved Proficiency while the remaining 85.7% performed at a level that did not meet 

neither the Competence nor the Proficiency standard. This result suggests that the 

students may not be prepared to succeed in this assignment, which may be the result of 

ineffective scaffolding either within the fourth year course or the program overall (van 

Merrienboer et al., 2003). Analysis of the PSP scores of the four selected assignment 

suggests that the first year, second year, and third year AAs are scaffolded evenly (an 

increase of 1.5 – 2 units) whereas the difference between the third year AA and the 

fourth year AA is larger (an increase of 5 units) (Figure 5). Additional studies may 

investigate this observed leap from third year to fourth year and identify interventions 

that may be implemented to further scaffold students’ learning. Additional research may 

identify potential confounding variables that are currently not factored into this study. 

 

Advantages and Limitations 

Although this study saw the development of a rubric targeting only one program-

level learning outcome, programs may develop additional rubrics that target other 

program-level learning outcomes. Aligned with multiple courses, the program-level PS 

rubric may provide an avenue for faculty members to monitor students’ PS achievement 

from an evaluative, grades-based perspective. Used in conjunction with the PSP tool, 
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educators can obtain a comprehensive understanding of how students’ PS skills evolve 

over a four-year degree. 

One simultaneous advantage and disadvantage of aligning the program-level PS 

rubric is the unique nature of the alignments with each AA. These customized 

alignments help convey the uniqueness of each AA and help ensure that the data is not 

misinterpreted. However, establishing individual linkages with the rubric requires some 

additional thought when cleaning, formatting, and analyzing the student performance 

data. 

 

Conclusion 

The program-level PS rubric is a literature-based developmental rubric 

discussing the differences between untrained and proficient problem solvers and can be 

used to compare students’ PS abilities on completely different assignments. As noted in 

Chapter 2, to my knowledge there is no literature about how to incrementally scaffold 

PS skills in assessments across programs, partly because data is not being collected 

from this perspective. The tools described in this study provide the first tools to study PS 

across curricula, opening the possibility of studying PS scaffolding across programs.  

As with PSP tool data (Chapter 2), program-level PS rubric data can be 

leveraged in departmental discussions regarding curriculum mapping, learning 

outcomes assessment, and incorporation of authentic learning experiences (Goff et al., 

2015). Combined with the PS Profile data, the program-level PS rubric can provide 

powerful insights concerning how students actually perform on assignments of varying 

levels of difficulty. However, the learning cycle is not complete unless the learner is 
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aware of their own abilities and development (Biggs, 1996). Students should be asked 

about their perception of their own learning (Chapter 4) to truly understand how our 

programs function to teach, nurture, and support student development. 
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Chapter 4: Student Perceptions 

Significance of the Student Perspective 

 Increasingly, educational researchers recognize the importance of including the 

student perspective in educational projects (ex., Biggs, 1996; Brooks, Dobbins, Scott, 

Rawlinson, & Norman, 2014; Canrinus, Bergem, Klette, & Hammerness, 2017; Cook-

Sather, 2006; Jossberger, Brand-Gruwel, van de Wiel, & Boshuizen, 2018; Klemenčič & 

Chirikov, 2015; P.A. Danaher, 1994; Poth, 2014; Tiessen & Cameron, 2018; 

Worthington et al., 2017). Some indicators of a constructively aligned curriculum include 

whether students are capable of the targeted skills and are aware that they possess 

such capabilities (Biggs, 1996). To effectively market their skills to instructors and 

educators, learners must possess an awareness and understanding of their developed 

skills (Edge et al., 2018; Martini & Clare, 2014). While the quality of students’ skills can 

be evaluated through assessments, students’ awareness of skills must be inferred from 

student reflections (Biggs, 1996; Tiessen & Cameron, 2018). 

 

Surveys as Diagnostic Tools 

 Student surveys are among the most popular data collection tools used in 

education research (Hackett, 1981; MacFarlane & Brumwell, 2016; Towers, Bannah, & 

Alderman, 2012; Williams, 2014). Surveys are cost-effective, non-invasive research 

tools that are tailored to serve a specific purpose (Towers et al., 2012). Researchers 

often use surveys as screening tools to identify disparities relevant to the study 

(Klemenčič & Chirikov, 2015) such as gaps between actual and perceived student 

achievement on assessments or gaps between intended skills gains and awareness of 
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those gains resulting from completing assignments. Researchers have criticized the 

extensive use of surveys to collect affective information from students; studies suggest 

that many surveys are poorly designed, produce invalid datasets, are administered for 

arbitrary reasons, and the results are not used to inform action (Hackett, 1981; Porter, 

2011; Towers et al., 2012; Williams, 2014). However, academics agree that surveys can 

be valid, reliable, and insightful when designed and applied thoughtfully (Hackett, 1981; 

Towers et al., 2012; Williams, 2014). Alongside other data analyses, survey responses 

can provide meaningful insights concerning the impact of a program (Towers et al., 

2012; Williams, 2014). 

A well-designed survey is an appropriate tool to collect student perceptions in 

this study. I developed and validated an anonymous, quantitative survey to learn how 

students perceive their own PS and critical/creative thinking abilities. Cross-referenced 

with assignment data (Chapter 2) and student performance data (Chapter 3), I 

investigated whether students feel they are developing PS and critical/creative thinking 

skills. Overall, students from all year levels are confident in their abilities to 

communicate both problem solving and critical and creative thinking skills. Comparing 

the first and second year participants to the third and fourth year participants, students 

have a significantly different perception of how the selected AA supported the 

development of their cognitive skills. 

 

Methods 

The methods described here have been approved by the University of Guelph 

Research Ethics Board (18-05-009). Participants contributed to the study of their own 
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free will and written evidence of informed consent were collected before participants 

became involved with the study. 

 

Development and Validation of the Student Survey 

This student survey was designed to collect information about students’ 

perceptions of their own critical and creative thinking skills, problem solving skills, and 

how these skills are supported by the selected AAs (Appendix C). Students were asked 

to rate ten items on a five-point Likert scale. The survey questions were designed to 

investigate the following seven parameters: 

i. whether students relate PS to critical and creative thinking 

ii. students’ confidence in their PS skills 

iii. students’ confidence in their critical and creative thinking skills 

iv. students’ confidence in articulating their PS skills 

v. students’ confidence in articulating their critical and creative thinking skills 

vi. students’ perceptions of whether the selected AAs support their PS skills 

vii. students’ perceptions of whether the selected AAs supports their critical and 

creative thinking skills 

The survey item wording was adapted from a published survey designed to understand 

student perceptions about learning physics (Adams et al., 2006). Each underlying 

construct of the survey is represented by two different questions, ensuring that the 

survey has internal validity and that the questions included in the analysis measure the 

intended construct (Jhangiani & Chang, 2015). The survey was reviewed and fine-tuned 

with the input of two staff members of OpenEd (Jennifer Spencer and Aron Fazekas, 

Educational Analysts) before it was administered to students.  
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Administration of the Survey 

 At the end of the semester, I visited the classes of participating instructors. I 

reminded the students of the study and revealed which assignment was included in the 

project. I introduced the students to the anonymous survey and handed out paper 

copies of the surveys and scantron cards for their responses. The collected scantron 

cards were submitted to Computing & Communications Services at the University of 

Guelph for scantron reading. This protocol was used for the first, second, and third year 

courses. The due date for the fourth year AA occurred after the last lecture, prohibiting a 

face-to-face administration of the anonymous survey after students submit the AA. To 

protect the integrity of the survey data (by ensuring that participants had already 

completed the AA before participating in the survey), I administered the anonymous 

student survey to the fourth year students via an online platform, Qualtrics. The survey 

was open for one week and was password protected. I visited the fourth year students 

during their last lecture, introducing them to the anonymous survey and asking them to 

respond to the survey invitation that was sent out the following week. The response 

rates for the surveys are presented in Table 5. 



55 
 

 

 

 

Analysis Techniques 

 After receiving raw scantron readings from Computing & Communications 

Services, I imported the data into a spreadsheet and formatted the data for analysis 

using Microsoft Excel and SPSS 25. The fourth-year survey data was downloaded from 

Qualtrics and formatted to match the scantron data.  

 Each student’s response was analyzed to confirm reliability of the data. Since 

each parameter of the study was linked to two questions in the survey (Appendix C), I 

used Spearman’s Rank Order correlation to calculate the monotonicity of the 

relationship between the responses of each pair of linked questions. I chose this test 

based on what my data permitted without violating any assumptions of the test. 

Spearman’s Rank Order correlation is a nonparametric test used to determine the 

strength and direction of the relationship between two ordinal variables and has no 

independence assumptions (Laerd Statistics, 2018b). Spearman’s Rank Order 

correlation is the non-parametric alternative to Pearson’s Product Moment correlation 

(Mukaka, 2012). Although the students in each class are independent persons, 

statistically they are not independent because they were in the same class. My survey 

questions asked students to rate each item on a five-point Likert scale, yielding ordinal 

Table 5: Student participation in the anonymous survey 

Course Number of students who 
completed the course 

Number of students who 
participated in survey 

Percent 
participation 

Year 1 496 236 47.6% 

Year 2 57 53 93.0% 

Year 3 60 34 56.7% 

Year 4 31 15 48.4% 

 
 
 
Table 6: Spearman's Rank Order Correlation for paired survey questions.Table 7: Student participation in the anonymous 
survey 

Course Number of students who 
completed the course 

Number of students who 
participated in survey 

Percent 
participation 

Year 1 496 236 47.6% 

Year 2 57 53 93.0% 

Year 3 60 34 56.7% 

Year 4 31 15 48.4% 
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data that does not follow a normal distribution. After determining that the correlations 

are statistically significant, I created bubble charts to visualize the distribution of 

students’ responses to the paired survey questions. 

 Survey responses from students enrolled in different courses were analyzed to 

determine whether the student perceptions change as individuals progress through their 

degree. I used the Kruskal-Wallis H-test to identify statistically significant differences in 

question responses between students of different year levels. The Kruskal-Wallis H-test 

is a nonparametric alternative to one-way ANOVA and is used to detect differences in 

ordinal variables between two or more independent groups (Laerd Statistics, 2018a). 

The Kruskal-Wallis H-test assumes independence between observations and assumes 

that the distribution of responses is similar for each group. In my study, each year level 

is considered an independent group, making each observation (each student response) 

independent. The distribution of survey data from each group (i.e. class) is similar. 

 

Reflection 

I designed this survey to make the analysis as clear as possible; I wrote questions 

plainly to minimize misinterpretation of the questions (which would reduce the quality of 

the data). Additionally, I wrote questions in pairs to add internal validity to the survey. 

Deciding which questions could be compared was the simplest decision, the more 

difficult decision was deciding which statistical tests could be used; Lucia Costanzo 

(Data Resource Centre Analyst, McLaughlin Library, University of Guelph) assisted me 

in making this decision. 
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Results 

Participation 

A portion of each class chose to participate in the student survey (Table 5). The Year 1, 

Year 2, and Year 3 classes were surveyed in class while the Year 4 class was surveyed 

online. The Year 2 students were surveyed in class before a scheduled quiz, perhaps 

explaining the higher response rate for these students. 

 

Validity 

Each student’s responses to the paired questions were analyzed using 

Spearman’s Rank Order correlation to determine the validity of the responses. Although 

interpretations vary, correlations larger than ±0.3 are often considered significant (“The 

correlation,” 2018). Most responses to each set of paired questions showed a weak (-

0.2 to -0.4) or moderate (-0.4 to -0.8) correlation (p<0.01) (Table 6). The negative 

correlations reflect an inverse relationship between the answers of the paired questions, 

which is expected given that one question in each pair was framed positively and the 

other question was framed negatively. 
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Association of PS with critical and creative thinking 

The student survey consisted of ten questions, with five questions targeting 

perceived development and ability to communicate PS skills and five equivalent 

questions targeting critical and creative thinking skills (equivalent questions) (Appendix 

C). Almost all Spearman correlations between equivalent questions are moderate-

strong and positive, suggesting the existence of a positive correlation (p<0.05) (Table 

6).  

 

Perceived ability to communicate PS and critical/creative thinking skills 

Student responses to two sets of paired questions (probing students’ perceived 

ability to communicate their PS skills and critical/creative thinking skills) were cross-

tabulated and visualized in two bubble charts (Figure 7). The Spearman correlation is 

significant and negative for the question pair targeting students’ perceived ability to 

Table 6: Spearman's Rank Order Correlation for paired survey questions. 

  Year 1 Year 2 Year 3 Year 4 

Paired 
Questions (to 

determine data 
validity) 

Comm PS + Trouble Comm PS -0.457** -0.384** -0.500** -0.570* 

AA helped PS + No change in 
PS 

-0.511** -0.670** -0.559** -0.864** 

Comm CCT + Trouble Comm 
CCT 

-0.468** -0.386** -0.463** -0.453 

AA helped CCT + no change in 
CCT 

-0.596** -0.695** -0.604** -0.659** 

Equivalent 
Questions (to 

determine how 
students relate 

PS to CCT) 

Ability to PS + Ability to CCT 0.563** 0.617** 0.440** 0.545* 

Comm PS + Comm CCT 0.790** 0.772** 0.743** 0.907** 

Trouble Comm PS + Trouble 
Comm CCT 

0.641** 0.677** 0.624** 0.710** 

AA helps PS + AA helped CCT 0.672** 0.713** 0.642** 0.611* 

No change in PS + No change 
in CCT 

0.723* 0.819* 0.620** 0.832** 

* significant at p<0.05 level    
** significant at p<0.01 level 

 
 
Table 8: Spearman's Rank Order Correlation for paired survey questions. 

  Year 1 Year 2 Year 3 Year 4 

Paired 
Questions (to 

determine data 
validity) 

Comm PS + Trouble Comm PS -0.457** -0.384** -0.500** -0.570* 

AA helped PS + No change in 
PS 

-0.511** -0.670** -0.559** -0.864** 

Comm CCT + Trouble Comm 
CCT 

-0.468** -0.386** -0.463** -0.453 

AA helped CCT + no change in 
CCT 

-0.596** -0.695** -0.604** -0.659** 

Equivalent 
Questions (to 

determine how 
students relate 

PS to CCT) 

Ability to PS + Ability to CCT 0.563** 0.617** 0.440** 0.545* 

Comm PS + Comm CCT 0.790** 0.772** 0.743** 0.907** 

Trouble Comm PS + Trouble 
Comm CCT 

0.641** 0.677** 0.624** 0.710** 

AA helps PS + AA helped CCT 0.672** 0.713** 0.642** 0.611* 

No change in PS + No change 
in CCT 

0.723* 0.819* 0.620** 0.832** 

* significant at p<0.05 level    
** significant at p<0.01 level 
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communicate their PS skills (Table 6) and the majority of students indicated that they 

were confident in communicating their PS skills and that they did not have trouble 

communicating their PS skills to others (Figure 7). The same result was found for the 

question pair targeting students’ perceived ability to communicate their critical and 

creative thinking skills. 
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Perceived effect of selected AAs 

Student responses to two sets of paired questions probing perceived effect of 

selected AAs were cross-tabulated and visualized in two bubble charts (Figure 8). 

 

 
Figure 7: Cross-tabulations of student responses on paired survey questions probing perceived ability to communicate 
a) problem solving skills and b) critical and creative thinking skills. Circle widths are  proportional to number of 
students. 
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Although the Spearman correlation is significant and negative for the question pair 

targeting effect of AA on problem solving development (Table 6), the majority of first- 

and second-year students indicated that the selected AA did not help them develop 

problem solving skills nor did their problem solving skills change after completing the 

AA. However, the majority of third- and fourth-year students indicated that the selected 

AA did help them develop problem solving skills and that their problem solving skills are 

different now than they were before the assignment. The same results were found for 

the question set targeting effect of AA on critical and creative thinking development. 
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Student perceptions over time 

Survey responses from students enrolled in different courses were analyzed 

using the Kruskal-Wallis H-test to determine whether the student perceptions change at 

different stages of an undergraduate degree (Table 7). Most questions (1, 2, 3, 4, 6, 8) 

showed no statistical difference across the year levels.  

 
 

 
Figure 8: Cross-tabulations of student responses on paired survey questions probing perceived effect of selected AA on a) problem 
solving skills and b) critical and creative thinking skills. Circle width proportional to number of students. 

 
Table 9: Kruskal-Wallis H-test values for survey question responses across year levels.
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When asked whether the selected AA helped students develop their problem 

solving / critical and creative thinking skills (questions 5 and 9), Year 3 students 

answered differently than first- and second-year students, indicating greater agreement 

that the selected AA helped them develop problem solving / critical and creative thinking 

skills. When asked whether the selected AA helped students develop their critical and 

creative thinking skills, Year 4 students also indicated greater agreement to the idea 

that the selected AA helped them develop critical and creative thinking skills when 

compared to their first- and second-year counterparts; however, this difference was not 

observed with the question asking if the AA helped students develop their problem 

solving skills.  

When asked whether the students problem solving / critical and creative thinking 

skills were the same as they were before completing the AA (questions 7 and 10), Year 

3 students answered differently than first- and second-year students, indicating that 

students felt their skills had changed since completing the assignment. 
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Discussion 

Validity and Association of PS with critical and creative thinking 

Significant Spearman’s Rank Order correlations from each year level suggest 

that questions used in the survey measured the constructs they were intended to 

measure. Most Spearman correlations between pairs of equivalent questions targeting 

PS and critical/creative thinking are moderate and positive (p<0.01) (Table 6). This 

finding suggests that students may associate PS with critical and creative thinking and 

may be aware that they are deeply connected skills. I did not investigate students’ 

conceptualizations of PS and critical/creative thinking. Further studies may probe how 

students conceptualize the relationship between PS and critical/creative thinking and 

how their understanding of these skills evolves as they advance in their degrees. 

Table 7: Kruskal-Wallis H-test values for survey question responses across year levels. 

Null Hypothesis Significance Conclusion 

The distribution of Q1 is the same across year level.  0.186 
There is no difference in student response 
based on year level 

The distribution of Q2 is the same across year level.  0.206 
There is no difference in student response 
based on year level 

The distribution of Q3 is the same across year level.  0.370 
There is no difference in student response 
based on year level 

The distribution of Q4 is the same across year level.  0.667 
There is no difference in student response 
based on year level 

The distribution of Q5 is the same across year level.  0.000 
There is a difference in student response 
based on year level 

The distribution of Q6 is the same across year level.  0.216 
There is no difference in student response 
based on year level 

The distribution of Q7 is the same across year level.  0.000 
There is a difference in student response 
based on year level 

The distribution of Q8 is the same across year level.  0.658 
There is no difference in student response 
based on year level 

The distribution of Q9 is the same across year level.  0.000 
There is a difference in student response 
based on year level 

The distribution of Q10 is the same across year level.  0.000 
There is a difference in student response 
based on year level 

 
 
Table 10: Kruskal-Wallis H-test values for survey question responses across year levels. 

Null Hypothesis Significance Conclusion 

The distribution of Q1 is the same across year level.  0.186 
There is no difference in student response 
based on year level 

The distribution of Q2 is the same across year level.  0.206 
There is no difference in student response 
based on year level 

The distribution of Q3 is the same across year level.  0.370 
There is no difference in student response 
based on year level 

The distribution of Q4 is the same across year level.  0.667 
There is no difference in student response 
based on year level 

The distribution of Q5 is the same across year level.  0.000 
There is a difference in student response 
based on year level 

The distribution of Q6 is the same across year level.  0.216 
There is no difference in student response 
based on year level 

The distribution of Q7 is the same across year level.  0.000 
There is a difference in student response 
based on year level 

The distribution of Q8 is the same across year level.  0.658 
There is no difference in student response 
based on year level 

The distribution of Q9 is the same across year level.  0.000 
There is a difference in student response 
based on year level 

The distribution of Q10 is the same across year level.  0.000 
There is a difference in student response 
based on year level 
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Perceived ability to communicate PS and critical/creative thinking skills 

Survey responses indicate that most students, regardless of year level, are 

confident in their ability to communicate their PS skills and that they do not have 

perceived trouble discussing their PS skills with others (Figure 7). A similar result was 

found for students’ perceived ability to communicate their critical and creative thinking 

skills. I did not investigate the actual ability of students to communicate their PS and 

critical/creative thinking skills. However, the observation that students feel confident in 

their ability to describe these skills to others is interesting, given that other researchers 

have found that graduates of post-secondary education struggle to communicate their 

transferrable thinking skills (Edge et al., 2018; Herbert, 2015; Martini & Clare, 2014). 

This anomaly may indicate that the surveyed students may overestimate their ability to 

discuss their PS and critical/creative thinking skills; however, further research is needed 

to fully develop this hypothesis. Additionally, students may not have an advanced 

understanding of these cognitive skills, thus limiting their ability to accurately discuss 

their problem solving and critical and creative thinking skills. 

 

Perceived effect of selected AAs  

Survey responses indicate that most first and second year students did not 

perceive the selected AA as an activity that enhanced their problem solving skills, nor 

did they perceive any development of their own problem solving skills after completing 

the assignment (Figure 8, Table 7). However, third-year students responded 

significantly differently, indicating that they did perceive the selected AA as an activity 
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that advanced their problem solving skills. A similar result was found for perceived effect 

of the selected AA on critical and creative thinking skills.  

Findings from Chapter 1 suggest that the selected AAs are scaffolded and 

provide an increased challenge to students as they progress through the degree (Figure 

2). Further, with the exception of the fourth year AA, findings from Chapter 2 suggest 

that students maintain/improve their problem solving achievement, even as the overall 

challenge of the problem solving assignments increases. Altogether, these data suggest 

that students are developing their problem solving skills but do not attribute this 

development to the selected AAs. Students may hold a narrow definition of (or even 

lack a definition of) the terms “problem solving” and “critical and creative thinking”, 

which may limit their interpretation of how activities nurture those skills (Deller et al., 

2015; Martini & Clare, 2014).  

In contrast, perhaps the observed development of problem solving and 

critical/creative thinking skills can be attributed to the fact that students mature and age 

as they complete their undergraduate studies (Bhagat, Haque, Bakar, Husain, & Khairi, 

2016; Macpherson, 2002). Assuming a relationship between age and maturity, 

Macpherson found that mature students (aged 30+ years) diverge from dualistic thinking 

patterns more easily than their less mature counterparts (29 years and younger) 

(Macpherson, 2002). Assuming a relationship between year level and maturity, the 

researchers found that mature students (third year) exhibit the same patterns of thought 

as their less mature counterparts (first year) (Macpherson, 2002). These results suggest 

that the typical student beginning university at 18 years old may not mature enough 

over a four year period to have an observable impact on their cognitive habits. 
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Another facet of maturity includes emotional maturity, which refers to an 

enhanced self-awareness that is affected by one’s intuition, feelings, and spirit (Bhagat 

et al., 2016). One study found a statistically significant relationship between emotional 

maturity and the grades of medical students (Bhagat et al., 2016). Beginning students 

adjusting to medical school displayed signs of poor emotional maturity and experienced 

lower grades compared to their older counterparts, who displayed signs of both 

improved emotional maturity and higher grades and learning gains (Bhagat et al., 2016). 

As students become more emotionally mature, they depend less on the instructor to 

learn and begin to self-regulate, a crucial skill for learners to establish sophisticated 

cognitive skills (Bhagat et al., 2016; Macpherson, 2002). Although the surveyed 

students received no known training about PS and critical and creative thinking, the 

slightly more mature students in upper years may have intuitively known that the AA 

had a positive effect on their cognitive skills development. 

 

Student Perceptions over time 

The Kruskal-Wallis H-test found a difference in student responses to questions 

asking specifically about the selected AA (questions 5, 7, 9, 10) (Table 7). Third-year 

student responses tended to indicate a greater recognition of the selected AA as an 

assignment that helped them develop problem solving and critical/creative thinking 

skills. Interestingly, fourth-year student responses showed no significant difference from 

first- and second-year students with the exception of one question: fourth-year student 

responses to question 9 suggested that fourth year students agreed that the selected 

AA supported the development of their critical and creative thinking skills.  
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This finding may provide insights about how students relate problem solving to 

critical and creative thinking. The third-year AA was an individual hands-on laboratory 

experiment designed and run by students while the fourth-year AA was a written 

research proposal about a current issue in contemporary microbiology. The third-year 

students recognized the impact the AA had on both their problem solving and critical 

and creative thinking skills, while the fourth-year students only recognized the impact of 

the AA on their critical and creative thinking skills. This subtle differentiation may 

suggest that students associate problem solving with hands-on, “real life” activities 

where something has “gone wrong” – more akin to troubleshooting. Problem solving is a 

broad activity that includes activities that resemble troubleshooting, but extends much 

farther to include challenges that are more abstract (Jonassen, 2000). With this broader 

understanding of problem solving, the fourth-year AA can be viewed as a problem 

solving activity; however, individuals with a narrower definition of problem solving may 

not recognize how a written proposal has elements of problem solving woven 

throughout. 

A number of variables may also be affecting these results. Perhaps students 

enter university with the notion that they already have well-refined PS and 

critical/creative thinking skills. However, as they progress through their degree and their 

abilities develop, so does their conceptualization of PS and critical/creative thinking. 

Research on human cognition suggests that students are limited in their ability to 

generate accurate self-report learning gains, calling into question the validity of any 

student perception data (Porter, 2011). However, one critical outcome of higher 
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education is to support students as they learn to become self-aware and communicate 

the status of their learning, a difficult task to accomplish without consulting students. 

 

Conclusion 

Including the student perspective is crucial for any thorough LOA project; students are 

experiencing the learning activities we offer and should be aware of both our 

instructional intentions and their actual learning gains (Biggs, 1996; Edge et al., 2018). 

The survey administered in this study found that there is no statistical change in 

students’ confidence in their PS and critical and creative thinking skills and that, with the 

exception of the third-year and sometimes fourth-year students, most students do not 

view the selected AAs as activities that promote the development of their higher order 

thinking skills. This is an interesting and important layer of data to consider in 

conjunction with data describing program expectations (PSP data) and data describing 

students’ actual abilities (student performance data).  
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Chapter 5: A More Holistic View of an Undergraduate Science 

Program 

Considering the Triangulated Data  

My thesis research saw the development of a Problem Solving Profile Tool, a 

program-level developmental problem solving rubric, and a student survey, and the pilot 

use of all three tools in the Microbiology undergraduate degree program in the 2018-

2019 academic year. The coordinated use of these three tools represents the 

triangulation of three crucial perspectives that ought to be included in LOA projects: 

program intention, student achievement, and student perception. Considered together, 

these three types of data provide a richer, more detailed understanding of how an 

undergraduate program supports students as they develop sophisticated cognitive 

skills; in this case, problem solving and critical and creative thinking. 

 Numerous factors contribute to students’ abilities to successfully achieve the 

learning outcomes we define for them and become fully aware of their true capabilities. 

While many of these factors remain unknown and uncontrolled by educators, strategic 

interventions or reconfigurations of course/program elements can greatly impact student 

learning. Collecting data to represent each LOA perspective (intention, achievement, 

perception) can direct decisionmakers when considering how best to support student 

learning. 

 In this pilot study, for example, most students in Years 1, 2, and 3 met the PS 

standard for their selected AA while the majority of Year 4 students did not (Figure 6). A 

number of factors could contribute to this result and analyzing additional data can help 

decisionmakers identify potentially effective interventions. In this scenario, the PS 
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Profile data suggest that the jump required to move from the Year 3 AA to the Year 4 

AA is much larger than the jumps required to move from the Year 1 AA to the Year 2 AA 

to the Year 3 AA (Figure 6). Educators may consider introducing additional learning 

modules in Year 3 and Year 4 to help students meet the new learning expectations, or 

perhaps the curriculum committee may consider re-scaffolding the entire program. 

 Student perception data provides insight concerning students’ awareness of their 

own skills and how they were supported by the selected AA. Results from this thesis 

study found no statistical difference between year levels on questions related to student 

confidence, despite the administration of more challenging PS assignments. 

Additionally, the only AA that was consistently viewed as one that supports the 

development of higher cognitive skills was the AA that incorporated hands-on laboratory 

work. These findings suggest that students’ metacognitive awareness of both the nature 

of higher cognitive skills and the status of their own cognitive skills may be limited. 

Decisionmakers may consider administering instructional modules that introduce 

students to metacognition, learning theory, cognitive development models, and explain 

how the program intends to develop higher order thinking skills through carefully 

designed assignments. 

 These data can help direct the efforts of curriculum committees, instructors, and 

other decisionmakers who are responsible for the development and delivery of 

undergraduate courses. These data are not meant to be used to value some 

assessments over others, but rather to characterize the different assessments and 

recognize the true role each plays in the context of an entire undergraduate degree. As 

alluded to above, these data may prove useful when designing courses and their 
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assessments and can guide instructors who wish to explain the intention of their 

assessments to students and communicate how the assessment is designed to support 

student development. 

 

Future Work 

This thesis is a pilot study: the first efforts to collect data that triangulates the 

intention, achievement, and perception perspectives in a LOA project. The methods 

used within this triangulated methodology include the implementation of a PSP tool, a 

program-level PS rubric, and an anonymous student survey. These methods were 

employed on four courses: one from each year of study in the Microbiology program. 

Future studies may opt to expand the pilot study to include additional courses and 

assignments. Additionally, future researchers may choose to employ new methods to 

replace or add to the data collected in this pilot. 

 Future studies may also move beyond the current methodology and examine 

how undergraduate students learn about PS and critical and creative thinking, both 

implicitly and explicitly. Researchers may launch a qualitative study with graduating 

students to determine which assignments students found most and least helpful in 

furthering their PS and critical and creative thinking skills. Further research may 

investigate the knowledge students hold about these cognitive skills at the beginning 

and end of their undergraduate education and how those conceptualizations change 

over the course of a degree – if they change at all. Intervention studies may introduce 

learning modules about metacognition and complex cognitive skills to determine if 
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explicit training has an impact on students’ perceptions of their skills and the role their 

undergraduate education plays in their development.  

 

Demonstrating indispensability using data 

Detailed, data-driven LOA provide crucial information that can be used to 

improve post-secondary programs, but can also be used to communicate the true value 

of university education to prospective students, employers, and the general public. The 

internet has enabled the upcoming generations of students to grow up with 

unprecedented levels of communication and access to knowledge. Evolving alongside 

technology, universities continue to offer valuable learning experiences that help 

students grow in ways they cannot support on their own – namely in the area of 

cognitive skills development – including problem solving and critical and creative 

thinking.  

Representatives of higher education ought to use LOA data to communicate the 

tangible benefits of pursuing tertiary education, and can best do so by describing three 

perspectives of LOA: the intention of the program, the achievements of enrolled 

students, and the perceptions of current students and graduates. The world’s problems 

demand solutions attained through superior critical and creative thinking, a skill that is 

effectively honed at universities. Our future lies in the hands of our prospective 

students, for they are the next generation of scientists, leaders, and innovators. 
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Appendices 

Appendix A: The Problem Solving Profile Tool 

Instructors used the following tool to characterize the problem solving challenge of their 
AA. 
 

 
(1) Novice-level problems Expert-level problems (5) 

Nature of correct solution(s) 

Students achieve success by simply following disciplinary 
rules 
 
Creative thinking not essential to earning a high grade 
 
Examples: most end-of-chapter textbook questions, drills 

Students achieve success by thinking creatively about the 
discipline / scenario 
 
Substantial amount of creative thinking essential to 
earning a high grade 
 
Examples: designing an experiment to answer a novel 
problem, inventing / proposing a new product 

1                                        2                                        3                                        4                                      
5 

Depth of understanding 

Success can be achieved via memorization or surface 
understanding of the topic 
 
Examples: most end-of-chapter textbook questions, drills 

Success requires students to have an advanced 
understanding of the discipline 
 
Examples: analyzing authentic scientific data (with multiple 
considerations), predicting outcomes of a complex 
scenario 

1                                        2                                        3                                        4                                      
5 

Real-world connection / simulation 

Assignment isolates disciplinary concepts from context 
 
Assignment does not require any additional research 
 
Examples: most end-of-chapter textbook questions, drills 

Assignment is situated in a real-world / simulated context 
 
Assignment requires students to learn material beyond the 
course content 
 
Examples: designing a research study on a current topic, 
using the discipline to solve a problem with political/cultural 
value, community-based projects 

1                                        2                                        3                                        4                                      
5 

Metacognitive activity 

Assignment does not require students to reflect on their 
solution or do so superficially 
 
Examples: only asking for the solution, asking students to 
‘show their work’ 

Assignment requires students to critically evaluate the 
effectiveness of their solution and potential implications 
 
Example: asking students to explain what went wrong / 
what worked, what would be different if they used another 
solution 

1                                        2                                        3                                        4                                      
5 

Expectations and cues 

Assignment provides step-by-step instructions  
 
Examples: tutorials for the assignment  

Assignment requires students to navigate the task on their 
own.  
 
Examples: students seek their own assistance by booking 
appointments with resource centers outside of the course 
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Please note that ample direction and support for students is appropriate in some contexts, for instance in first or second 
year as students are learning about the discipline. Also note that as students advance in their degree, clear assignment 
expectations are still required, but perhaps with less direction about how to successfully complete the assignment. 

1                                        2                                        3                                        4                                      
5 

 

Appendix B: The Program-Level PS Rubric 

Instructors mapped their AA rubric to the following program-level PS rubric: 
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Appendix C: Student Perceptions Survey 

Students were asked to anonymously answer ten questions probing their perceptions of 

their own PS and critical/creative thinking skills (Figure 9).  

 
 
Each question used in this survey is linked with at least one other question (see below), 

enabling cross-tabulation of student responses which allows us to make inferences 

about student perceptions. Paired questions ask students about the same topic but use 

different language; these paired questions were used to gauge the validity of responses 

(i.e. determine whether students answered each question at random) (Table 8). 

Using the provided scantron sheet, please rate your confidence in your ability to: 

 Not confident                     Very confident 

1.    Solve real-world biology problems     A             B            C             D             E 

2.    Think critically and creatively    A             B            C             D             E 

3.    Communicate my problem solving skills to others    A             B            C             D             E 

4.    Communicate my critical and creative thinking skills to others    A             B            C             D             E 

 
Using the provided scantron sheet, please indicate your level of agreement with the following statements: 

 Strongly disagree               Strongly agree 

5.    The [selected AA] helped me develop my problem solving skills. 
 

   A             B            C             D             E 

6.    I have trouble describing my critical and creative thinking abilities to 
others. 
 

   A             B            C             D             E 

7.    My problem solving skills are the same now as they were before 
completing the [selected AA]. 
 

   A             B            C             D             E 

8.    I have trouble describing my problem solving skills to others. 
 

   A             B            C             D             E 

9.    The [selected AA] helped me develop my critical and creative thinking 
skills. 
 

   A             B            C             D             E 

10.  My critical and creative thinking skills are the same now as they were 
before completing the [selected AA]. 
 

   A             B            C             D             E 

Figure 9: The anonymous student survey administered in this study. 
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If the survey responses are considered valid, the aggregate responses to each 

question may be analyzed. Each pair of survey questions targets a topic of interest to 

this study (Table 8). In addition, the ten survey questions were coordinated to probe 

students’ understanding of the relationship between PS and critical/creative thinking 

(Table 9). Students answered five questions probing their perception of their own PS 

skills and five equivalent questions probing their perception of their own critical and 

creative thinking skills. These equivalent questions used the exact same wording, 

enabling a direct comparison of questions targeting PS and questions targeting critical 

and creative thinking. 

 

Table 8: Paired survey questions used to gauge validity of student responses. 

Topic Survey Questions Expected Correlation 

Perceived ability to communicate PS skills 3 and 8 Strong, negative 

Perceived ability to communicate critical and 
creative thinking skills 

4 and 6 Strong, negative 

Perceived effect of AA on PS skills 5 and 7 Strong, negative 

Perceived effect of AA on critical and creative 
thinking skills 

9 and 10 Strong, negative 

 

Table 9: Equivalent survey questions used to compare student perceptions of PS and critical and creative thinking. 

Equivalent PS question Equivalent critical and creative thinking question 

1 2 

3 4 

5 9 

7 10 

8 6 

 




