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Executive Summary

This report describes a foyear longitudinal study that investigated a range of assessment methods for
evaluating learning outcomes associated with critical thinking, problem solvittten communication and

lifelong learning. The sample was drawn from the Faculties of Arts and Science, and Engineering and Applied
Science. The measures included surveys, interviews, two standardized tests (the Collegiate Learning
Assessment Plus andglCritical Thinking Assessment Test) and prograne rubrics from the Association

of American Colleges and Universities used to score student work samples independently of course grading.
Researchers worked with course instructors to align teaching, ileguand assessment, and to investigate

and evaluate the utility of the instruments used.

The results of the studguantified longitudinal achievement of student outcomes on three instruments,
with incremental growth in skills demonstrated across the s&ddindergraduate program3he highlevel
outcomes were:

 { G dzR Skjfdiiricetical thinking, problem solving and communication increasedthe four
years of their degree. The effects were detectable using the standardized testsd ELA4,
and Q\Td = .65), but more evidenising the Valid Assessment of Learning in Undergraduate
Education (VALUE) rubrics. The Critical ThinkingyBiest median was Benchmark 1 while the
second and thirdyear median was Milestone 2, rising to Milestone 3 in fhyrear.

 vdzSSyQa ai dzRS y higher R&NBsiilBirlichticalit&@rRingan comparable
a0dzRSyda 4G Y2ad LISSNIAyadAddziazya LI NOAOALNL
fourth-year sample performed at the 8percentile of CLA+ plicipating institutions.

1 Studentmotivation was a significant concern for standardized tests. Results fuders focus
groups suggested that for students to put effort into testing, instructors need to value the test,
the content needs to be relevantareful consideration should be made to scheduling and the
results should be made available to students.

1 Motivation is not a concern when scoring academic work using progvi® rubrics, but
alignment of course assignments to rubric dimensiornsitial.

1 The relative cost of implementing the VALUE rubric marking was approximately C$20 less per
student than implementing the CLA+ or CAT tests.

1 Qualitative and quantitative feedback facilitated through departmental reports and debriefs
prompted inprovements to courses.

1 Work needs to continué increase the adoption of effective practices in assessment.

Higher Education Quality Council of Ontario
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Definition of Terms

Critical
thinking

Complex
cognitive skills

Learning
outcomes

Lifelong
learning

Transferable
learning
orientations
(TLO)

Problem
solving

To avoid ongoing contention as to what exactly constitutes critical thinking, t
#1 [ 19 NUZONRO RSTAYAGAZ2Y 61 & FR2LISE
habit of mind characterized by the comprehensive exploration of issues, ide:
artifacts,alR S@SyiGad o0STF2NB I OOSLIWIAYy3d 2NJ
(AAC&U2014) It was operationalized using the following five dimensions:
SELX Iyl dA2y 2F A&dadsSazr SOARSYyOSz A
position, conclusions and related outcomes.

This § a term borrowed from the study of cognition and working memory. It
refers to the acquisition, retention and application of complex knowledge an
alAatta aadzOK a dK2asS Ay@2t SR Ay
longi S NI & (i (Ndgié, Balde®y Mané, Donchin & Sheptak, 1989, p. 5
Complex cognitivekills (CCS) comprise a number of interrelated constituent
skills and require considerable time and effort to acquire maste(yam
Merriénboer, 1997) The term CCS is used very broadly in this report to
collectively encompass skills describedeller, Brumwell and MacFarlane
(2015)as basic cognitive skills (communication), higheeter cognitive skills
(critical thinking and problem solving) and transferable skills (lifelong learnin

Learningoutcomes ae measurable statements of student knowledge and
oAt AGASES RS&EONAROSR ala SEAaGAY3
1Y26 YR dzy RSNEGFYRUOU | yR 02 Y LIS (Rékga
Arum, & Cook, 2016, p. 17)

Lifelong learning is a term that is widely used but does not have a universal
definition. In overarching terms, it describes continuous,-detcted learing
and involves motivation to acquire knowledge and skills in an ongoing mann
¢KS G4SN A& dzASR Ay GKA& NBLRNI a3z
OSKIF@A2dzNE G261 NR fSINYyAy3a:r aLISOA1T
and learning stratgies (skills, processes and m&a 3y A (Gimgey Kaapp,
Frank, & Scott, 2015, p. 1160)

Thisreferstd NBFt SOGA PGS adzaNBSe RSGSt ankJS
time measure of lifelong learning. It comprises dimensions of goal orientatio
learning belief, seléfficacy, knowledge transfemnd organization.

The term problem solving is used here to describe the resolution of messy,
O2YLX SE LINRo6fSYyas RSIEAYy3a gAGK al
simultaneously (and the desire to) overcome barriers between a given state
I RS a A NSdnb&g&l Fieasch, 2014, p. fihe project adopted the

Higher Education Quality Council of Ontario
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Value-add

VALUE rubrics

Written
communication

Program Codes

VALUE rubrics for assessing student assignments, where problem solving w
operationalized using the following six dimensions: define the problem, igen
strategies, propose solutions, evaluate potensialutions, implement solutions
andevaluate outcomes.

The difference between performance in first and final year, used to estimate
contribution of an educational institution towarstudent outcomes.

Valid Assessment of Learning in Undergraduate Education (VALUE) rubrics
developed by the Association of American Colleges and Universities (AAC&

Was evaluated in the English language in any text format applicable to the
discipline(for example, short answer/extended response, essay, report or
reflection,) The project adopted the VALUE rubrics for assessing student
assignments, where written communication was operationalized using the
following five dimensions: context and purpose, content development, genre
and conventions, sources and evidence, and syatakmechanics.

BA Bachelor of Arts (includes BA Honours)

BCMPH Bachelor of Computing (Honours)

BED Bachelor of Education (includes Concurrent Education)

BNSC Bachelor of Nursing Science

BSC Bachelor of Science (includes BBmours)

BSCE Bachelor of Science Engineering (program was renamed from Bac
of Applied Science partway through the project)

Higher Education Quality Council of Ontario
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Introduction

Complex cognitive skills like critical thinking, communication, problem solving and lifelong learning are
fundamental elements of an undergraduate education. They are central to broad frameworks in higher
education such as the Essential Learning Outconoes the Association of American Colleges and

Universities (AAC&U), the Degree Qualifications Profile from the Lumina Foundation and Partnership for

21st Century Skilldohnson, 2009)and are critical to the practice of professional fields such as engineering
(Kaupp, Frank, & Chen, 201&prtysix percent of Canadian wairsity students rankhinking logically and
analyticallyamong the top three most important skills to which their university degree should be

contributing, more than double that of the next highest ranked areastentknowledgeandtime
managemen{Canadian University Survey Consortium, 20Hswever, even though complex cognitive
aitAatta INB O2yaARSNBR |y SaaSyidalt StSYSyd 2F KA3
Y2ald RAFFAOMAZ 0 2 dzi O2 Y SBelled BruniwelliFe&AMaA& arlane, 2018 K..13) Y R | a4 S

LY HaAmoXI vdz$SSyQa ! yAGSNARAGE NBaSINOKSNA o6S3ry | f
development and assessment of complex cognitive skills as part of the Leatrtowmg@s Assessment

Consortium funded by the Higher Education Quality Council of Ontario (HER&S®archers tracked skills
development in disciplines spanning engineering, science, social science and humanities. The method
involved testing students usirgjandardized measures and scoring student work from select courses within
specific departments. The fowear study used four approaches to assessing cognitive skills in multiple
departments over four years (see Figure 1):

Standardized instruments andrseys

Programwide rubrics used to score student work samples
Student and instructor interviews

Data linkage to demographic variables and student grades

=A =4 =4 =9

The study documented the costs, time commitment, participation rates, motivation and correlations
between measures, and evaluated their utility and reliability. In the first year of the study a dotdss
sectional assessment was used to pilot the tools with-faetl fourthyear students to compare

performance. There were four very broad reseagectestions guiding the investigation and many more
specific questions that arose from the process. Methods were selected as appropriate to the question and
the underlying purpose of investigation. The research design is summarized in Table 1.

Higher Education Quality Council of Ontario
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Figurel: Project Overview

)
|4 Outcomes

|4 Tools W
|4 Disciplines

' VABSNEAGR

|4 Years |

Critical thinking
Problem solving

Written
communication

Lifelong learning

CLA+ (Collegiate

Learning Assessment)

CAT (Critical Thinking
Assessment Test)

VALUE Rubrics

(Valid Assessment of
Learning in Undergraduate
Education)

TLO (Transferable
Learning Orientations
Survey)

Engineering
(Chemical, Civil
Computer and
Electrical, Eng. Physics,
Geological, Math,
Mechanical and
Mining)

Drama
Physics
Psychology

Tracking
through four

years of study
(with wider
recruitment in year
four to target a
matched sample
from year-one
testing)
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Tablel: Research Questions, Methodology and Purpose of Investigation

Research Question Method: Sample Data source Purpose

A. 1 246 YdzOK R2 Quantitative: f CLA+ assessment  To quantify student
complex cognitive skills Representative 1 CAT test achievement between firs
changebetween the first sanp1 le of 1 VALUE Rubric and fourth year:
and fourth year of P assessment Institutional valueadd

. undergrad students
undergraduate studies?

B. How does the developmenQuantitative: 1 CLA+ assessment  To understand more abot
of co_mplex cogn|t.|ve skills Undergrads from 1 CATtest ' stanc!ar(jl'zed tests in .terrr
and lifelong learning vary 1 VALUE rubric of reliability and validity

selected courses :

between programs and assessment and relevance to different
individuals, and what is the i Transferable Learning diSCiplineS
relationship of standardize Orientation (TLO)
measures to course grade: survey

1 Demographic variable

1 Cumulative grade

point average

C. Candata from instruments Qualitative: 1 Individual and group To encourage faculty to
be used to support skills Undergraduate 1 Interviews develop and assess
development in courses? i complex cognitive skills ir

students; .
their courses and
Course instructors programs

D. How feasible is the use of Quantitative: 9 Financial and researclTo understand more abot
these assessments in a Document stud documentation standardized tests in terrn
Canadian university? y 1 Debrieflinterviews of implementation and to

inform institutional
Qualitative: investment of assessmen

) in the coming years
Course instructors

Instrumentation

Collegiate Learning Assessmerius(CLA+)

The Collegiate Learning Assessment Plus (CLA+) was developed by the Council for Aid to Education (CAE)
(Council for Aid to Education, n.dl)is a 9éminute, webbased instrument that students access through a
secure browser. It is made up of a performance tasknfute maximum) and a series sélected response
guestions (6Eminute maximum). The performance task presents a-vealld situation in which students

assume a role to address the problem, identify a solution, or provide conclusions and recommendations
resulting from careful analysis tife evidence provided. The performance task is used to measure critical

Higher Education Quality Council of Ontario
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thinking, problem solving and written communication. The student responses in the performance task are
scored by an automated system using a validated rubric. The selected resp@sti®s are document

based, multiplechoice or shoranswer questions, and are used to measure scientific and quantitative
reasoning, critical reading and evaluation, and critiquing an argument.

Critical Thinking Assessment Test (CAT)

The CAT was devgled by Tennessee Tech with support from the National Science Foundation (NSF). Itis a
60-minute, paperbased test. Similar to the CLA+, the CAT engages students-wmarddlproblems. The test

was designed to assess critical thinking, creatiiwveking «ills, as well as neroutine problem solving and
effective communicatiofCAT n.d.)The CAT provider requires a minimum of two rbens from

participating institutions to be trained in the scoring protocols. The trained institutional representatives then
use a detailed marking key to lead the CAT scoring conducted at the institution. CAT personnel score a
random sample of the tests wubstantiate scoring reliabilities.

Valid Assessment of Learning in Undergraduate Education (VARIBECS)

The VALUE rubrics were developed by the Association of American Colleges and Universities to provide a
valid assessment of learning in undergratkieducationfAAC&U, 2014)These rubrics are broad, discipline
neutral descriptions of selected essential learning outcomes of undergraduate education from the Liberal
9RdzOF GA2Yy ! YSNAOI Q& tNRYAAS o60[9!t0 AYAGAIGADSD ¢t}
performance criteria for each rubric. The efforts oétaxperts were focused on positive demonstration of
outcomes, describing performance criteria aimed at being used to assess summative displays of student
learning. There are four levels of performance criteria, from the Benchmark level of students entering
university to the Capstone level of students who have just completed their undergraduate experience. There
are 16 VALUE rubrics in total, of which four were used in the study. The Critical Thinking, Problem Solving
and Written Communication VALUE rubnigsre used in their published form, and the Lifelong Learning

rubric was adapted as part of a survey (see sedtiglow on the Transferable Learning Orientatisurvey).

Reliability and Validity of CLA+, CAT and VALUE Rubrics

Each of the above instrumenkgs been rigorously evaluated for reliability and validity. By selecting these
AYAUGNXzYSyGasz G§KS v dB3dpeyt RveragedpreMals empirichl dridénee YnSupport of

the validity of the assessment constructs and reliability of the testibric structure. For example, in a

study conducted by the CLA, students responded positively that the CLA+ is an effective measure of critical
thinking and problem solving (86.2%), reading comprehension (88%) and writing (#eBjanin, Klein,

Steedle, Zahner & Elliot, (2012ndKlein et al. (200%eported that the CLA+ was well correlated with two
other measures of critical thinking: the Collsgi Assessment of Academic Proficiency, and the Measure of
Academic Proficiency and Progress (CLA Performance Task ¢&837&LA Critiqgue an Argument task r =
0.730.94). The CAT has been demonstrated to correlate withAthherican College Testimgadiness

assessment (ACT) r =.56 p < .01; SAT r = .57 p <.01; grade point average r = .35 p < Qakfodiae

Critical ThinkingkillsTest(CCTST) r = .64 p < (81ein et al., 2006 5tein & Haynes (2014)so found that

GKS /1 ¢ AyaiuNdzySyid ¢ a aSyardragsS (2 RBdiy®OGAy 3 It A
disciplines.

Higher Education Quality Council of Ontario
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Following the LEAP initiative in 2000AC&U, n.d,Xhe AAC&U workedonsistently to establish the validity

and reliability of the VALUE rubrics. A diverse interdisciplinary panel of experts was usadddigaface

and content validity of the rubrics. In each rubric, common themere identified and panels of experts
developed performance criteria to assess summative displays of student learning. These experts agreed that
the rubrics were an effective and suitable measure of the underlying constructs (Finley, 2011). Ongoing work
supporting the validity and reliability of the VALUE rubrics is present&hades (2011) and Rhodes &

Finley (2013)The assessment constructs for each are summarized in Table 2.

Table2: Overview of Assessment Constructs

Instrument Assessment construct

Critical thinking Problem solving Written Other
communication

d 91 Analysis and 9 Scientific and

Collegiate Learning  Critical reading an roblem solvin 9 Writing mechanics Lantitative
Assessment (CLA+)  evaluation P d f Writing ?easonin
9 Critique an effectiveness 9
argument
Critical Thinking { Evaluation and 1 Problem solving 9 Effective q Creative
Assessment Test interpretation of communication thinking
(CAT) information
Valid Assessment o Explanation of ) Defm.e problem T Contextand
Learning in issUes 1 Identify strategies purpose
Undergraduate 1 Evidence | Solutlon/_ 1 ((j:ont?nt
Education (VALUE) q Influence of context hypothesis evelopment
Rubrics and assumptions Evaluate solution 9§ Genre and
1{0dRSydoa Implement conventions
S e ——— solution 9 Sources of evidence
outcomes Evaluate outcomesf Syntax and
mechanics

Higher Education Quality Council of Ontario
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Transferable Learning Orientations (TLirvey

One of the goals of the research was to develop a method for evaluating student dispositions and
behaviours aligned with lifelong learning. This was not as straightforward as tracking the demonstration of
the other outcomes being investigated. One of thigdest challenges was to come to agreement as to how
we defined lifelong learning. The latent nature of the constructs involved meant that we were looking for a
suitable seHreporting measure. The most promising instrument on the market was the Effedfeleng

Learning Inventory (ELIQrick, Broadfoot, & Claxton, 2002he research was already committed to
significant costs involved in the use of the CLA+ and the CAT, and the fee for using the ELLI was not within
the financial scope of the project. Researchers insteacettodk a process of implementing a free

inventory, the Motivated Strategies for Learning Questionnaire (M8RiQirich, Smith, Garcia, &

Mckeachie, 1993)Our investigations of the initial MSLQ pilot found some issues and inconsistencies. In our
guantitative analysis, we struggled to find consistency in responses, the factor structure & matic

and short average response times suggested that students had not engaged fully with theageitive

nature of the questions.

This result prompted our development of the Transferable Learning Orientation (TLO) survey. For full details
on the cevelopment of the TLO s&dmper et al. (2015)The process involved refining the MSLQ scales,
adapting the Lifelong Learning VALUE rubric, and incorporating a qualitative response for each dimension
aimed at inceasing metecognitive engagement with the instrument. The TLO is a triangulated measure

using quantitative pairing scale items together with a holistic rubricra¢ilig and an operended response

used to validate the final rating. See Table 3 for andeer of the TLO dimensions.

Table3: TLO Dimension Overview

Goal Orientation Learning Belief SeltEfficacy Transfer Knowledge Organization
(Motivated) (Flexible Learner)  (Confident) (Makes Connections) (Learns
Independently)

Target level

Y

Low level

4 Explores the topic in Mastery approach  Confident in own Connects knowledge Adaptive
depth, intrinsically with full control over knowledge/skills  in innovativeways,  organizational
motivated own learning necessary to excel deep learner techniques

3 Motivated to explore Believes that effort  Appropriate level Makes references to Systematic
topic in some depth  will lead to success of knowledge/skills previous learning organization
to meet goals

2  Explores topic, but  Believes in some Adequate level of Makes some Organizes work
primarily extrinsically control of success or knowledge/skills  references to processes
motivated failure previous learning

1 Surface level Believes in fixed Tentative about Memorizes Ad-hoc organization
engagement ability own level of information, surface

knowledge/skills  learner

Higher Education Quality Council of Ontario
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The tool was in development for much of the longitudinal study and our work in this area is continuing,
therefore no results have been included in this report.

Group Interviews

Participating instructors provided feedback on the project outcomes. Some of the feedback was delivered
informally and a selection of instructors provided more formal feedbactenmitility of each of the

instruments through recorded debrief sessions thatre transcribed for analysis. In those cases, course
specific reports were provided to instructors. The reports explained the achievement demonstrated by the
students within the course and how that sample compared to student achievement in the longitudin
context. Additionally, student feedback was elicited for suggestions on presentation formats for student
learning outcomes reports. Students provided information about academic awedrcicular experiences

that help them develop critical thinking, priem solving, communication and lifelong learning skills.

Method

The research was facilitated through the participation of course instructors. Each year of the project

involved the six steps, all corresponding to a larger research goal. Figure 2 displagtsous research

steps and the corresponding goals. The first step was to define the assessment constructs and identify the
tools that best suited assessment needs. Each year we investigated the efficacy of the tools and refined the
tool or implementaton process as necessary. The next step was to work with instructors to explain the
assessment constructs and instruments being used to determine which of the course assignments might be
suitable for inclusion in the VALUE rubric scoring. A typical prdngiNJ A y & 4 NJzOG 2 NE 61 &Y «a
O2dzNES | aaA3dyyYSyidoav R2 adGdzRSyida RSY2yaiaN)»GS Oz3y

Through consultation and discussion, the team worked toward a common language describing cognitive
skills. At this step, many of the instructors deadse tailor an assignment to better elicit demonstrations of
cognitive skills. There was recruitment, testing and course data collection, then mapping of student skills
demonstration to the assessment criteria to determine alignment. The investigatiarstd and logistics

was also a goal of the research. There was a significant investment made in scoring CAT tests and course
work samples. This required developing or working to set protocols, training and ensuring longitudinal
consistency of scorers.
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Figure2: Process Framework
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VALUBMarking Protocols

The VALUE rubric scoring was conducted following the process described in an instructional video featuring
Ashley Finley of the AAC&and summarized here:

Structureof rubrics

Although it is tempting to read the rubric first, it is important to review the front page to familiarize

ourselves with the framing language and the purpose of the rubric. The glossary of the rubric offers the best
opportunity for modifing it andfor adding or modifying terms to clarify the performance descriptors on the
back page. It lists the criteria for the learning outcomes and stresses the multidimensionality of what it takes
to demonstrate any of these outcomes; essentially, it is a breakdofithe components of the slsl The
performance benchmarkare not intended to be timespecific but developmental and ongoing. The

1 Ashley Finley is theoe president of Academic Affairs and Dean of the Dominican Experience and Senior Fellow, AAC&U, Dominican University of
California. Theideo is available atttps://youtu.be/josgNZpoZnkm
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Capstone benchmark is intentionally placed on the left so that it is read first. If the marker reads the
benchmark firstjt may artificially constrain the assessment of the student; the rubric is not meant to be
read based on what is expected of students in a particular year, but the level of skill they demonstrate.

Using rubrics to assess studenionk

It is suggested thahe best way to understand the rubric is to use it through calibration sesstbat is,

working through a sample of student work using a rubric. Participants can discuss the language and
expectations utilized in the rubric. In our experience, this pasds best started by understanding the

artifact, without consideration of the rubric, to familiarize ourselves with the content. Then we review the
framing language and the performance descriptors. Finally, we systematically work our way through the
criteria and assign a performance level based on evidence in the artifact. Discussing with other markers the
levels assigned, the evidence used and interpretation of language in the performance descriptors is key to
gaining proficiency with using the rubrics.

Usingrubrics at institutional level to improve evaluation andssignments

Faculty can use the rubrics for targeted assignments rather than for structuring the entire course. Faculty
have several questions to consider when structuring these assignnsers,as how do students

demonstrate these learning outcomes in the assignment and how does this demonstration build upon or
challenge existing levels of competence. Weak areas within the criteria should be identified to target specific
skills, as should aas of strength to maximize work that is already occurring. The rubrics are inherently
interdisciplinary; for example, writing skills are not specific to the English department nor are quantitative
skills to the mathematics department. In order for thetingions to encourage this use of the rubrics,

faculty must be engaged and given the opportunity to establish ownership over the rubrics. How this can be
achieved must be determined at an institutional level, as schools must customize their apprtaties

school culture.

The VALUE rubric was conducted using the following protocol:

a) Building a common understanding:
1 Read through the assignment instructions and sample responses to build an understanding of
the nature and context of the course assignment.
1 Identify what the students were directed to demonstrate (this might, for example, require
reading a research paper to which the students were responding).
T hLISNI GA2y I AT S GKS ar&aadsSazé aO2yiGaSEdGdzZt FI1 O
respongs.

b) Rating a work sample:
1 Collectively work through a single student response (not one included in the research sample) to
identify evidence for each of the dimensions to be rated. Research Assistants (RAs) then discuss
what level the evidence suggestsethesponse is demonstrating.

Higher Education Quality Council of Ontario




Learning Outcomes Assessment and Program Improvenienta dzSSy Q& ! Yy A GSNEBA G &

9 Individually rate five to 10 work samples at a time, compiling an annotated list to back up the
decision for each of the criteria.

9 Assign and record a performance level (for each dimension) for the work samples.

c) Calibration:

1 The two markers use their annotations to discuss any differences between levels assigned.

1 In some cases, this process results in one or the other of the markers adjusting their level on a
dimension. The rating process is based on individual interpretasiomifferences in level
determinations were occasionally observed. These changes are recoded and reported as post
calibration agreement.

1 Repeat the rating and calibration process for the remainder of the work samples. Generally, the
greater the number ofssignments that are rated, the fewer differences there are in ratings.

For financial and logistical reasons, many of the work samples were marked by trained undergraduate
students. Disciplinary experts were employed to calibrate where necessary witmtiiergraduate markers.
Longitudinal consistency of marking was supported by employing the same markers for various course
artifacts both longitudinally and across disciplines. There were 18 VALUE rubric scorers (denoted by letters
A-R in Table 4) over ¢hfour-year duration of the project.

Table4: Mapping of VALUE Rubric Marking

Engineering Drama Physics Psychology
Year Year Year Year
1 2 3 4 1 2 1 3 1 2 3 4
Researchers A * * *
(subject experts) B * * * *
C *
D *
*
Graduate E *
students = * *
(subject experts) G .
H *
Undergraduate I * * * * * *
Students Jo* * *
(calibrated with
i K * *
subject experts)
L * * * *
M * *
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Engineering Drama Physics Psychology
Year Year Year Year

1 2 3 4 1 2 1 3 1 2 3 4
N * *
O * *
P * *
Q * *
R * *

Once data collection and scoring had been completed each year, analysis was undertaken and reports
generated for each of the participating courses. In many cases, this step prompted further investigation of
anomalies. Where possible, the coeneports were delivered in an instructor debrief session with the goal
of facilitating usable feedback for course improvement. Upon invitation, reports were presented to
undergraduate committees in specific departments. Finally, research was dissemamaieally at

conferences, symposiums and webinars.

Sample

Undergraduate students were recruited by research associates from specific courses in the programs
including Psychology, Physics, and Drama in the Faculty of Arts and Science, and from ChéngeahBng

Civil Engineering, Computer and Electrical Engineering, Engineering Physics, Geological Engineering, Math
Engineering, Mechanical Engineering, and Mining Engineering in the Faculty of Engineering and Applied
Science. Consistent with our ethicalidelines, individual student consent was sought in each year of the
project. In the initial years of the project, more students consented to the research than we had capacity to
mark course assignments. The total consenting sample of students who ptditine study in first year

was 2,697; second year, 785; third year, 599; and in fourth year there were 419 consenting students. Figure
3 displays only the consenting students who took the test, or whose summative course assignment was
rated on the VALURIbrics. There were also many students who consented and began the test, but for a
range of reasons did not complete it.

Every effort was made to evaluate student assignments from the consenting students who completed one
of the standardized tests, bahis was not always possible. When the assignment had a group component,
ethical use of data meant that each of the members of the group were required to be consenting (this was
particularly problematic in firsgear). In addition, the fourtlyear testingwas conducted separately from the
courses included in the study, so few of the students who we were recruiting were enrolled in the fourth
year courses that had assignments to sample from. Researchers marked multiple assignments in some
courses to investife learning gains within a course. For this report, researchers selected only the
summative assignment that the students completed toward the end of their course for inclusion in analysis.
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Figure3: Project Sample for Eachdtrument
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Total 1150 726 444 295

Implementing the CLA+ and CAT

Where possible, CLA+ and CAT testing was conducted in participating courses as part of regular course
activities. Due to class schedules and course commitments, this was not always possible. In those cases,
testing was conducted out of class with either food or a financial incentive offered. For-thesstesting,
students who were not scheduled in a lab were asked to bring their own laptop or required to move to an
alternate environment. Students in the firgear cohort were assigned to either the CLA+ or the CAT. Every
effort was made to recruit the same individuals to the same test over the four years, but because of the
ethical requirement for annual consent and the different course pathways for studdmsamples differed
across the four years.
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CLA+ Results

¢KS /[!'b (GSad LINPGARSNE Fftt201GS FOKASGSYSyid aidly
YR aAyOS HnmcI 2The/cutdpdinG Meeddndf tha safdarés afe Saft@dted using the
CLA+ total score. The total score is a numerical composite of the performance task score and the selected
response score. Only students who complete the whole test are provided with #igeweement standard.

During test proctoring, it was observed that some students spent very little time completing the test. Since
there were no stakes attached to the test, the results were considered invalid if students spent less than 10
minutes on the prformance task component (60 minutes allocated), or if they declared in the exit survey
GKIFIG dKSe& KIR Lilzi ay2 STF2NIé¢ Aya2 GKS GSade c2ff
year students, 12 secorgkar students, three thirgear students and one fourtlyear student. The

excluded students represent 2% of the test population. Figure 4 displays the percentage of students at each
level, with sample sizes for the number of consenting students who completed the test each yearstThe fi

year CLA+ total score mean was 1,155.3 (SD 117.8), and the-yeartimean was 1,211.5 (SD 116.9).

Data for US comparisons was drawn from @muncil for Aid to Educatiadational Report (2016). There

were 80 participating institutions &m the United States, with a firstear mean average of 1,053 (SD 74)
andafourtht S NJ I GSNIF 3S 2F MIMHcC O0{5 TnO® /d=WiNl/pohlel2y a &
{50 6A0GK NBadzZ §a adz23asSadAiy3a iKI (highediBaf $heds adeiagzR Sy
(d=1.07), and finish just under a standard deviation highér ( ®pn 0 ® ¢ K-$earmdad Gas tdhe ¥ A NA
89" percentile (compared with the 20£34 CLA+ participating institutions), and the fouytsar mean was

at the 87" percentile (compared with the 20587 CLA+ participating institutions).

Effort in the test

The CLA+ exit survey asks students to report the effort separately for the performance task, and selected
response sections. The ffermance task effort was thfocus of the analysis, because it forms the largest

part of the test and was more labour intensive than the selected response section. Average effort scores for
the CLA+ performance task dropped over the first three years-{f@t mean effort was 3.06econdyear
meanwas 2.74 and thirdyear mearwas2.69). These results were calculated following the exclusion of the

22 students whose results were considéiinvalid (as mentioned in the section above). Table 5 plots the

effort to performance task scer displaying the regression to the mean. TRe=RLO0 for first and second

year effort suggests that 10% of score variance was accounted for by effort in the initial years of the project.
These results were reviewed through the course of the projectfalowing recommendations from our

student group interviews (see section below), we provided a C$25 incentive pdakestand a C$750 prize
draw. Table 5 displays the fourtlear CLA+ effort mean of 3.23, but by fourth year the effect of effort on
testscore was not significant.

2 Research around stand#setting was undertaken by the RAND Corporation. Details are available here:
https://lwww.rand.org/pubs/technical_reports/TR663.html

3 Source for comparative CLA+ data derived from the CAE. Full reports are availabléthgfeae.org/flagshipassessmentslacwra/claand
cwranationatreport-archive
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Figure4: Percentage of CLA+ Sample at Each Standard Level
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Table5: Relationshipbetween CLA+ Performance Task and Score

1styear 2" year 3dyear 4" year
Performancdask effort mean 3.06 2.74 2.69 3.23
Performance task effortR 102" .099" .020 .013
Performance task score variance 10.2% 9.9% 2.0% 1.3%
accounted for by effort
*p<.001
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Longitudinal change
The descriptive statistics for thentire pool first and fourthryear students by program are shown in Table 6.

Table6: Descriptives for Whole CLA+ Sample, First and Fourth Year

Whole Sex Firs.tbyear Grade Performance task
sample: - N point average effort
Program Male Female Mean SD Mean SD
BA 1 52 17 35 3.3 0.8 3.5 1.0
BA 4 25 3 22 2.8 1.1 3.7 0.9
BCMPH 1 14 13 1 2.6 0.8 3.6 0.9
BCMPH 4 4 3 1 2.8 1.1 3.8 1.0
BCOM 1 1 1 0 3.0 NA 2.0 NA
BED 1 1 1 0 2.0 NA 4.0 NA
BED 4 2 0 2 1.3 NA 4.0 0.0
BFAH 1 1 0 1 3.7 NA 3.0 NA
BNSC 1 38 3 35 3.3 0.4 3.6 0.9
BNSC 4 1 1 0 3.8 NA 4.0 NA
BPHEH 1 2 0 2 34 0.4 3.0 1.4
BSC 1 107 50 57 31 0.8 3.9 0.8
BSC 4 19 7 12 2.9 0.9 3.6 0.9
BSCE 1 210 174 36 31 0.8 3.8 0.7
BSCE 4 10 3 7 34 0.7 4.1 0.7
CiB 4 1 0 1 NaN NA 3.0 NA

The fourthyear sample included in the analysis was 122 students. Of those, 73 were the same individuals
who tested in the first year of the study (see dégtivesin Table 7). There were significant gains in the CLA+
total score among this population (t-4.42, df = 72, p<0.0001) with an effect size of d = 0.52, but there are
also significant differences in how these students reported their effort on both thepadnce task

sections in first and fourth yea¥ (= 501, pralue = 0.01), though not in the selected response task (not
shown).Differences in perfanance task effort means in the final coloraf Table 6 suggest that the fourth
years put more effort in thafirst-years in every progranThis, however, was not the case for the 73
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students who tested both in first and fourth year. It may have been that these students were exerting less
effort on average than they did in first year, or that having been testettiple times by fourth year, they
underreported their effort.

T-tests were analyzed to investigate longitudinal change for students within individual programs. The
difference between first and fourthiear for the 28 engineering students (42, p<0.01) and 15 arts

students (t =3.3, p<0.01) showed a significant improvement. The sample size here is small, so the finding
has limited generalizability. As a result, we will look at propensity score analysis.

Table7: DescriptiveStatistics for CLA+ Total Score

Year N M F Mean SD PT effortmean PTeffort SD
1 1170.60 122.10 3.84 0.73
73 26 47
4 1232.74 110.42 3.59 0.72

Propensity score analysis

The underlying assumption of reporting the valadd difference between performance in first and fourth

year on the CLA+, is that the fiyggear and fourthyear groups are comparable. The results, however, are
sampledependent and there are concerns reldt® student motivation, the amount of time spent on the
GNRGAY3I GFalz FYR aldKFG AyadAaddziazya vYre GNB G2 13
& 0 dzR $D6upkass, Thomson, & Zhao, 2012, p. 326)examine the CLA+ results more closely and address
concerns of sample &s, effort and engagement, and differences in academic potential, analytical matching

of first- and fourth-year samples was conducted. The first step was to analyze differences in test effort and
investigate the significance of individual characteristider which a process of propensity matching was
undertaken, matching fourtlyear students to students with similar characteristics from theesr test

sample.

There were some differences between the fishd fourthyear samples. There was a gragpeoportion of

female students in the fourttyear sample, significant differences between the fiestd fourthyear

performance task effort and in the mean fingtar GPA (FYGPA). A general linear model was used to extract
the most significant predictorsf the CLA+ total score, which emerged as FYGPA, performance task and
selected response effort, time spent, and first language. Students who completed the CLA+ in both first and
fourth years spent more time on average working on the test in fourth yean{#utes) than in first year

60T YAYydziSaovsz odzi NBLRNISR I 2SN SFF2NI Ay F2dzN
was lower in fourth year, rather than actual effort. Due to this uncertainty, effort was not used in propensity
matching. Insteaddegree program, first year GPA, performance task time and first language were used. This
was run using thatchltlibrary in RHo,Imai, King, & Stuart, 200ésingoptimal matching. This pool of

records was merged with the students who wrote the CLA+ in both first and fourth year, leading to a final
pool with characteristics shown below. Table 8 displays descriptives of the medntgpeating test students
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(n = 73) and propensity matched samples (n = 49). The sum of thgdassample is 122, matched to 122
fourth-year students.

Table8: Descriptives for the Pool of Repeating and Matched CLA+ Samples

Matched sample: Year N First language FYGPA

Program English Other Mean SD
BA 1 25 19 6 3.02 0.80
BA 4 29 23 6 2.84 0.97
BCMPH 1 4 4 0 2.90 0.95
BCMPH 4 4 3 1 3.15 1.18
BED 1 6 5 1 3.29 0.65
BED 4 7 5 2 2.92 1.03
BNSC 1 6 3 3 3.12 0.43
BNSC 4 7 3 4 3.22 0.48
BSC 1 41 32 9 2.97 0.98
BSC 4 37 31 6 3.08 0.94
BSCE 1 40 36 4 3.33 0.59
BSCE 4 38 35 3 3.37 0.65

Where sample sizes allow, the performance task and selected response have been plotted in Figures 5 and
6. The highest fourtlyear means were demonstrated by tBachelor ofScience (B§ students, but the

largest gains were demonstrated by tBachelor ofArts (BA) students. Both of these groups include

students in honours programs.

Table 9 summarizestésts for the whole group and three degrees with at least 20 records in each year, and
/| 2KSy Qa R T-esttodpaing fbsito favh eSrdt =8.4312, df = 244, p <0.001, d = 0.44. As
previously mentioned, the CLA total is a scaled weighted score calculated using teosesh from the
performance task and the selected response. The breakdowns for the CLA+ for the matched bawgles
been included as Appendix 1.
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Figureb: Score Distributions of Matche@&udents on CLA+ Performance Task by Degree Program
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Figure6: Score Distributions of Matche@&udents on CLA+ SelectdResponse by Degree Program
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Table9: Difference betweert SNF 2 NX I yOS 2y (GKS /[!'b gAGK / 2KSyQa R 9FT.

Group t df p D
Whole 3.57 242 <0.001 0.46
BA 2.63 52.0 0.011 0.71
BSc 1.15 75.4 0.25 0.26
BSc (Eng.) 2.70 74.5 0.008 0.61
CAT Results

There are 15 questions on the CAT, and 1,091 valid test results over the four years of the project. Analysis of
I NByol OKQa FfLKI F2dzy R Y2 RSNI (i SearneanSvhigy19.5 (SDO5pR M & G S
= 291)and the fourthyear mean was 23.0 (SD = 4.7), (n = 133). Average means (but no standard deviations)
were reported by the CAT provider for the lowamd upperdivision groupings in the institutional reports.
SATFSNBYyOSa 4 SNB SaiAddid deSiRiondmitheydéhominkt&. Datdi®® thedholel G | y
vdzSSy Qa Al YLX S& & dza Hyed indan wiak84 of a slakdard dedzfich ybextdr tharktieR G

P{ f26SN) RAGAAAZ2Y | -¢& NPkal BaF .76 K HstanddrS deyialich, bt el K

US upper division average. The distribution of CAT scores for the tested population, grouped by program, is
displayed in Figure 7.

As was the case with the CLA+ sample, the CAT samples were not the same individuals across the four years.
The burth-year sample included 123 students (not the same individuals who completed the CLA+ in fourth
year). As was the case with the CLA+ results, the highest fgasgthmeans were demonstrated Bachelor

of Sience (B§ students, but the largest gains were demonstratedBaghelor ofArts (BA) students. Both

of these groups include students in honours programs.
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Figure7: Box Plot CAT Scores Distributions by Program
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Longitudinal change

Thirty students in the fourttyear sample completed the CAT in first year. The same process pairing and
propensity matching process used for CLA+ analysis was applied to the CAT data, resulting in a pool of
repeating and paired students shown below in BabD. The correspondingitSad ' yR / 2KSy Qa
shown in Table 11, and bgptots displaying distributions for programs with matched samples greater than

10 students are displayed in Figure 8. The effect size for year of study on CAT score nmetan &gl =
M2-M1/pooled SD).
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Table10: Descriptive Statistics for the Pool of Repeating and Matched CAT Samples

Degree Year N Sex Language FYGPA
Male Female English Other Mean SD
BA 1 45 7 38 41 4 2.99 0.73
BA 4 32 3 29 30 2 3.19 0.84
BCMPH 1 2 2 0 2 0 3.80 0.71
BCMPH 4 3 2 1 3 0 2.74 0.64
BED 1 11 2 9 11 0 3.29 0.54
BED 4 4 1 3 2 2 3.09 0.34
BNSC 1 0 2 2 0 3.55 0.03
BNSC 4 2 0 2 2 0 3.57 0.00
BSC 1 17 8 9 17 0 3.13 0.79
BSC 4 42 7 35 39 3 3.12 0.74
BSCE 1 58 30 28 44 14 3.15 0.59
BSCE 4 52 25 27 45 7 3.13 0.61
Table11: Difference between Firstand Fourthe ST NJ t SNF2NXIF yOS 2y GKS /!¢
Group t df p D
Whole 5.37 266.8 <0.001 0.65
BA 3.54 71.7 <0.001 0.80
BSc 1.74 25.7 0.093 0.54
BSc (Eng.) 3.14 105.2 0.002 0.60
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Figure8: Box Plots of Repeating and Matched Firahd Fourthyear CAT Score Means
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VALUBRuUbric Results

Nine summative assignment types were identified as eliciting the skills of critical thinking, problem solving
and written communication. Student artifacts from course assignments were collected and rated using the
specified protocol, withwo raters scoring each assignment and coming to a consensus (see section on
VALUE ratings above for more detail). Generally speaking, the more samples of a particular assignment that
was marked, the greater the rater agreement. But the complexity of thepgawas also a factor. Some of

the assignments entailed a twgage response and others a-fi@ge report. Included in this report are the
summative assessments for courses in the participating departments. Table 12 displays the various
assignment types ancbrresponding sample sizes.

Higher Education Quality Council of Ontario




Learning Outcomes Assessment and Program Improvenienta dzS§Sy Q& | y A OSNRAA (&

Table12: Assignment Type and VALUE Scoring Sample Sizes Per Year

Year group Department Assignment type n
APSC Design Lab 39
DRAM Essay 90
1st Year PSYC Exam Question 106
PHYS Design Report 207
TOTAL 442
PSYC Performance Task 142
APSC Design Report 56
PSYC Design Report 46
CIVL Design Report 26
2nd Year ELEC Design Report 19
ENPH Design Report 67
MECH Design Report 21
PHYS Design Report 10
TOTAL 387
PHYS Lab Report 9
PSYC Design Report 29
ard Year CIVL Project Proposal 36
DRAM Research Proposal 92
ELEC Design Project 32
TOTAL 198
MECH Design 25
ELEC Proposal & exam 15
4th Year PSYC Thesis 15
CIVL Thesis 9
TOTAL 64

The precalibration (independent scoring) agreement for fiygtar assignments was 64%, in second and

third year it was 68% and in fourth year it was 57%. Following calibration, the agreement fgeéirst
assignments was 99%, second year, 93%, thiad, @§%, and in fourth year, 100%. A graphical
representation of the preand postcalibration percentage of rater agreement by rubric has been included as
Appendix 2. The greater initial spread in fouydar scores required longer conversations, but ehdp in
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KAIKSNI FAYLE F3aINBSYSyGaod /2KSyQa YIFLIWLI ¢l a OFft OdAf |
dimension level. There was one unusually low reliability of K = .5 for the evidence dimension of the research
proposal, but for the remainder, X.7. For any dimensions under contention (where raters disagreed), the
score was rounded down to the lower level under the theory that the level of the dimension had not been
demonstrated in its entirety.

Validity and internal consistency

Correlationsbetween VALUE dimensions and sessional GPA were calculated as a measure of convergent
validity. Significant correlations between the critical thinking, problem solving and written communication as
SPlLfdza G§SR 2y GKS ! [ ! 9 Nievéderd@ee Tdoly BB) siaghestRhatyhéra &as | O
a relationship. However, the low coefficients also suggest that the GPA captures more than these complex
cognitive skills. A general descriptor table was composed such that researchers were able to discuss
dimensions of the Critical Thinking, Problem Solving and Written Communication VALUE rubrics with
instructors without getting sidetracked by the detail of specific criteria contained in each of the rubrics. The
descriptors are included in Table 13.

Figures 89 and 10 display the score distributions in percentages of sampled population for each of the
rubrics over each year of the project. Furthevéstigation of central tendencies found that the Critical
Thinking firstyear median was Benchmark 1, secoaad third-year median was Milestone 2 and fousth
year median was Milestone 3. For Problem Solving and Written Communication, the medians were
Milestone 2 for first and second year and Milestone 3 for third and fourth yéee.changes from first to
fourth year were significant for all rubrics, using Wilcoxon rank sum test with continuity correction.

Tablel3: Internal Consistency and Validity of VALUE Scores

VALUE Dimension Descriptor n Correlationr  a
rubric Sessional
GPA
Critical Explanation of issues Issue/problem considered; relevant 1174 .260" .886
Thinking information necessary for understanding
Use of evidence Selecting and using information to 1096 .263"
investigate a point of view or conclusion
Context and Own and others' assumptions and 1054 279"
assumptions evaluates the relevance of contexts
Students position Subjective/ objective perspective 1004 .281"
thesis/hypothesis
Conclusions and Evaluates consequences and implicatior 1080 .290"
outcomes
Problem Define problem Contextual problem statement 975 272 .804
Solving Solution hypotheses Multiple approaches 917  .284"
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VALUE Dimension Descriptor n Correlation a
rubric Sessional
GPA
Identify strategies Comprehension, sensitive to contextual 857 .260"
issues
Implement solution ~ Considers history gfroblem, reviews 575 253"

logic/reasoning, examines feasibility of
solution and weighs impacts of solution

Evaluate outcomes  Addresses multiple contextual factors 624 .265"
(implementation)

Evaluate solution Reviews results relative to the problem 984  .287"
defined with considerations of need for
further work

Written Context and purpose Audience, purpose and the circumstance 1160 .341" .856
Commuri surrounding the writing task(s)
cation Content development Uses appropriate and relevanbntent 1151 .366"

Sources of evidence Formal and informal rules inherent in the 1075 .198"
expectations for writing in particular
forms and/or academic fields

Genre and Demonstrates use of credible, relevant 1113 .285"
conventions sources to develop idedhat are

appropriate for the discipline and genre

of the writing

Syntax and mechanic Uses language that communicates 1165 .299"
meaning to readers with clarity and
fluency

** Correlation is significant at the 0.01 leveti@led).
Note:/ 2 NNBf F GA2y OF t OdzAf F SR dzaAy 3 { LISF N¥Y
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Figure9: Distributions of Scores by Year on Each Level of the Critical Thinking Rubric
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FigurelQ: Distributions of Scores by Year on Each LevehefProblem Solving Rubric
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Figurell: Distributions of Scores by Year on Each Level of the Written Communication Rubric
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The changes from first to fourth year were significant for all rubrics, using Wilcoxon rank sum test with
continuity correction. Table 14 shows the test statistic and effectrdigerubric. A comparison of the
median score in years one and four is shawfigure 2.

Table14: Significance of Gains on Each Rubric from First to Fourth Year

W p r
Critical Thinking 54424.5 <0.001 0.61
Problem Solving 69040.5 <0.001 0.50
Written Communication 92994.5 <0.001 0.60
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Figurel2: Change in Median Score on Each Dimension
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Alignment of course assignment to assessment criteria

Some of the assignments had greater alignment to the assessed dimensions than others. If the assignment
did not elicit thedemonstration of evidence for a particular dimension (step 1 in the scoring process), that
dimension was not assessed. Generally, the greater the alignment, the higher the VALUE rubritscore.
exceptions were the firsyear exam question, where stude@@s G A Y S -doyhRveré MR, and one

of the seconéyear design reports, which was elicited from a technical subject and was not readily suited to
assessment on the VALUE rubric dimensions. Generally speaking, the more dimensions assessed, the higher
the median score on the rubric. Appendix 3 provides a colour coded graphic, displaying the relationship
betweenthe percentage of dimensions assessed plotted against the average level of achievement, grouped
by year and by subject. The greater the slopéhe line, the more significant the relationship.
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Correlationsbetween Instruments

. S0l dzaS 6S 6SNB 2Ny AYy3I gA0GK G NAR2dza RIGF GeLlSax
comparisons of the instruments and biographical data (sex and tygjuand grade point averages. Median

values were calculated for the VALUE rubrics as they comprise ordinal data. The sex was nominally coded as
male = 1, female = 2; language was coded by first language, English = 1, French = 2 and other = 3. The results
displayed in Table 15 are based on cumulative data across the years of the project and were calculated using
pairwise analysis. Correlations between GPA, sex and language were not included in the table to avoid

sample conflation of pairwise comparisong (ithe data was constrained by year, paired by instrument,

with valid data points included).

The VALUE rubric scores were highly related, but there was a weak relationship between the test scores and
rubric scores. The highest correlation was between@#el' score and the Problem Solving rubric score

(r(303) = .23 < .01). The VALUE rubric scores were more closely related to the stGriemidative grade

point average than either the CLA+ or the CAT scores. The inference from the negative correlations between
sex and VALUE rubrics scores would be that males did marginally better than females on théasedse
assignments. The relationghbetween sex and test scores, however, was not significant. Language was not
significant in the VALUE rubric scoring, but there was a weak correlation suggesting that English speakers
performed slightly better on the CAT and on the CLA+ seleetsabnsequestions than the French or other
language students. (Note: There were eight individuals who took both the CLA+ and the CAT in the same
year.)

Tablel5: Correlation between Instrument Subcores Biographical and Grade Point Avgea

VALUE rubrics CLA+ CAT
score
CT PT SR PT SR T
VALUE  Critical Thinking -
rubric- (CT)
median  Problem Solving 7207 -
value (n) - pg) (1051)
Written 767" 715" -

Communication (1183)  (1050)

(WC)
CLA+ (n) Performance task  .031 .002 .043 -
(PT) (366)  (341)  (365)
Selected response  .202" .198" 2317 182" -
(SR) (351)  (326) (350)  (1131)
Score total (T) .155" .149" 1797 714 79 -
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VALUE rubrics CLA+ CAT
score
CT PT SR PT SR T
(347)  (322)  (346) (1131) 1131
CAT score (n) 133" 227" 1917 -829  .90Z" .659 -
(384)  (306) (384) 8 (8) 8
Sessional GPA (n) .304" 357" .348" 145" 260" .269" 253"
(1184)  (1051) (1183) (1181) 1135 1131 1089
Sex (n) -.087" -166" -.101" -.029 -.012 -.024 -.024
(1184)  (1051) (1183) (1181) 1135 1131 1091
Language (n) -023  -0019 -028 -012 -.075 -052  -108"
(1135)  (1002) (1134) (1114) 1068 1064 1033

** Correlation is significant at the 0.01 levekiled).

Comparison of @sts

The associated costs of using the CLA+, CAT, and VALUE rubric approaches were based on a nominal sample
of 100 students (see Table 16). They were calculated by adding the fee for the instrument, the ancillary costs
(training fees and salaries) and/or thalaries for markers (undergraduates were paid C$14 per hour and
graduate markers were paid C$24 per hour). Although the fee peta&st was US$35 for the CLA+ and

US$9.95 for the CAT, once the additional costs were taken into account (and using amgexetia of

C$1.2), the total costs were C$51 and C$47.54 respectively. The VALUE samples took varying amounts of
time to mark, ranging from 30 minutes to three hours depending on the complexity of the assignment.
Undergraduates marked the majority of fingear samples, whereas the fourttear samples were marked

primarily by researchers or graduate students (see Table 4). The average cost across all of the work marked
was C$32.

Tablel6: Comparative Cost of Each Instrument (Canadian Dollars)

Test
Training/ or  Instrument  proctoring (4 :
technical fee per 100 sessions M) TOTAL e
costs student
support students 100
students)
CLA+ $100.00 $4,200.00 $800.00 - $5,100.00 $51.00
CAT $1,000.00 $1,194.00 $560.00 $2,000.00 $4,754.00 $47.54
VALUE markin $200.00 - - $3,000.00 $3,200.00 $32.00
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Qualitative @mponents

Quialitative methods were used to investigate the perceived benefits of each of the tools. Two interview
sessions were conducted, which involved four instructors from two departments who each taught a course
involved in the project. Each instructor was ped with a summary report and was invited to provide
comment. Where available, the debrief sessions were recorded and transcribed for tracking and evaluation.
We had very positive comments from instructors regarding involvement in the project and thiesfged

they received:

GL FSSt tA1S ¢S 320 az2YSOUKAYy3a 2F AYYSyaS gl f dsS
2dzad 3204 1 KdAS Y2dzyli 2F QrFftdzrotS AYTF2NNIGAZ2Y
outstandingly valuable, reallgxciting. What's more valuable is a separate set of eyes on this. Like,
LQ@S 06SSy lFaaSaaiy3a (GKAa lFaaAr3ayyYSyd FT2N) FAQOS &
2yS 32 | NBancsuse instiuCtdnNE U

The Qrovision of feedback to ingctors often t]ad theAeffeAct of prompting reflectiveAquestionis. Common
jdzSatiAazya GKFG FNRPaS SNBSS G2KFEG NS GKS RSAANIOf
thestepby-a G SLI LX Iy F2NI NBaz2fdziazy Ga3PUATIRRAVESKE (dRE

This project was not intended to be a study of educational interventions, but it was still important to note
the impact of the project on educational improvement efforts. Throughsdléction and by providing
student feedbacKrom the course assignments, many of the instructors involved in the project chose to
adapt new assessment strategies or adopt new teaching strategies to better target student cegkiitive
acquisition. A list of specific changes made to courses isdadwn Appendix 4.

In addition to the instructor debriefs, a series of student group interviews were conducted each year to
explore topics of interest to the investigation. By the second year of the project, students had expressed
interest in accessindneir individual results. During the third year of the project, a format was developed to
provide students with their score on the VALUE rubrics on one page and on the reverse, results from the
CAT and CLA+ were shown. The data points on the report didplagéndividual score (if available), the
discipline average and the institutional average. In the third year of the project, students provided feedback
on the format and refinements were made. Figufdisplays the front page of the report.
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Figurel3: Example of a Thirgear Student Outcome Project Report

¥ Learning Outcomes Project

Queens Student Report

For the past four years, you have participated in the Queen’s Learning Outcomes Project, an educational research project that has been determining
approaches to assessing students abilities in Critical Thinking, Problem Solving and Written Communication. The charts below present your assessment
results relative to Queen's, Disciplinary or International results. These illustrate how you and your peers developed these skills during your
time at Queen’s, and would be a valuable resource to show potential employers. You can find more information about the project, including detailed
descriptions of the assessment approaches at http://www.queensu.ca/gloa

| =
Valid Assessment of Learning in Undergraduate Education (VALUE) Rubrics

The VALUE rubrics assess critical thinking, problem solving, and written communication exhibited in student submitted coursework.
The scores on the vertical axis are the performance levels in the rubric, descriptions available at: http://www.queensu.ca/gloa

Critical Thinking Proiem Sohing Written Communication

s

@ Ocopioe Average Queen's Average (@) Your Score

Student Perspectives

In the final year of the project, students who had expressed a willingness to participate in group interviews
were recruited (there was an option for this on the consent form). There were three group interviews with a
total of nine students, six women arlree men, from the participating Engineering, Physics and Psychology
departments. The nine students generally had positive past experiences with standardized tests. The

purpose was to gather information from the students about their experiences withdakia Collegiate

Learning AssessmeRtusand the Critical Thinking Assessment Test. Specifically, our goals were to garner a
0SGGSNI dzyRSNEGFYRAY3 2F ad40dzRSy(iaQ LISNBLISOGAGSA 2vy

1 Their motivations for participating and putting effort into tkests
1 Their perceptions of low effort and motivation for taking the tests
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1 Their insights on effective recruitment strategies and for increasing student motivation for
taking the tests in the future

In the following sections, we describe the resultshed group interviews and articulate our understanding of
a0dzRSy(GaQ LISNERLISOGAGSaE Faaz20AF SR ¢gAGK SIOK 2F GK

D2Ff MY ¢2 dzyRSNERUOlIYR aidzRSyidaQ Y2UuA@lGA2ya 7

For all the students we interviewed, there was some evidence of intrinsic and extrinsic motivation for taking
GKS GSaita FyR FT2N) LlzidAy3d SFF2NI Ayd2 GKSnandaiaod
promotion of the tests in their class as a motivator for participation. According to one physics student, this
was a factor:

GL GKAY1l Al RSLISYRa 2y K2g OGKSANI 0GdKS addzRSyiia
professpr obvipusly thinks this is very impﬂortant, and the way ﬁh@tdescrjbgs it also, | thiAnkA, has A
Fy SFFSOOG 2y 6KSGUKSNI 2N y2i addzRSyida FSSt (GKS

hiKSNJ alidzZRSy (G a ¢K2 Yibagdsodof HiRmotivINBnH&/& réaaddiditieat inclddéd

how the professor presented the testis them or whether the professor gave the impression that they
GK2dza3KG GKS GSaida 6SNB AYLRNIIFYydd a2NB LINBYAYSyif
content knowledge and their experiences with research in their respective disciplines.

Students said that their motivation for taking the test was linked to their prior experiences, which included a
lack of familiarity for some with the particular subject content covered in the test questions. For example,
students indicated that test quetions that focused on content knowledge and probisalving processes

from their subject area were more relatable and engaging for them. An engineering student noted,

GL GKAY]l Al RSLISyRa 2y @&2dzNJ LI aid SalisaNiégDSa o
lot of philosophy courses and stuff like that before. So, it [the test question(s)] kind of played into
Y& AYGSNBaldodéd ODNRdAzZLI HO

l'y20KSNJ LJaegoOKz2ft 238 ai L2YRSRX aL ¢l a ofsS
quesiA2ya (GKIFIG 6SNB o6SAy3 ¢ ODNRdzLI MmO ® / 2y PSNE
jdzSatArz2ya O2YYSyYy (SR> alL ftA1S GUKS 2ySa gKSN
different things from that . . . butitcould haeeS Sy L 2dzad R 1 KIF @S (y26ftSR
F2dzy R AdG KINRSNJI G2 RN} g O2yySOlA2yaé ODNRdzZLI nod t
motivation was connected to their experiences in psychology, where participation in regeajects and
NEASEFNOK flFoa Aa 2F0Sy | NBLAANBYSYyd F2NJ 6KSANI RS
volunteer in a psych research lab and | know how hard it is to get participants to participate in things. After
having that experienceitm& YS & & @& gl yid G2 LI NOLAOALI G4S¢€ 0ODNRd:
how difficult it was to get participants to do research so this was a motivator for them to get involved and

put effort into the tests.
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CAYLlffex aidzRSy Gidked tovreifiehj@yméntoRtlye tegtiquestions tha offdred them
opportunities to apply problersolving and criticathinking skills to novel situations. As part of the group
interviews, students were asked to talk about their experiences inside and euitheir academic work

where they had to think critically and apply problesolving strategies. All students, in some manner, drew
comparisons between the test questions, their academic work that required them to think critically and
problemsolve, andheir problemsolving and criticathinking experiences outside of academic work.

Students who felt that the tests were interesting and challenging said that this was mainly because of the
openended nature of the questions and that there was no right arrsWwer example, there was a common

thread that students were motivated by learning experiences that encouraged them to find information and
solutions to problems in their own way. This was consistent when they talked about the test questions, their
academi experiences and theirndn O RSYA O SELISNASyOS&aod Ly 2yS aiddzRR$S
Yy2G0SRI a¢KSNBQa | t284G 2F RAFTFSNByYyid glea G2 02YS dz
Fy AYyOdSttA3aSyld o6Feé¢ ODNRPANIMSY O DY AAXXI I NDREZa d BNBER
LINSaadz2NE G2 oS FofS G2 Fdf FAEE @2dzNJ 0aAi 08 LINRB2SOU
(Group 2). Another student commented on a summer project that was connected fieldisf Engineering:

G¢KSe wiKS CIFOdAf G 2F 9y3IAYSSNAyI6 oNRdAAKG YS
this new project idea and they wanted me to look into it and do a little bit of construction and stuff
fA1S GKIGd NEYHOA yosl @A (20Fa I2 ARAF FISO2dzd |+ LINBOGE SY 4|
a2YSOUKAY3 NBIf R2gys>s y2G 2dzad GlFt{1{Ay3a Fo2dzi A

A student who was majoring in both Psychology and Education commented on her experiences of problem
solving whié on her practicum placement outside of school:

Ghdzi aARS 2F (GKS wdzyAGSNBRAGES OflaaNe2yY X LQY 2
ONRAGAOFE GKAY(lAYy3 Aad | YdzAaOGT GKSNBQa on aGdzRSy
forced toproblema 2 £ @S 2y GKS aLRio® ! yR L GKAYy]l GKIFdQa
experience of having to do it immediately and then also being able to do it in a more academic, less
practical sense. (Group 1)

Interestingly, students did not initiallpake the connection between how their problesolving and critical
thinking experiences outside of their programs actually transfer into their thinking in their programs (and
vice versa). When prompted, these students were able to see this connectionaearty. We concluded

that most of the students employed similar criti¢hinking and problensolving skills in their experiences
outside of academic programs and in some classes, as they encountered on the tests. This helps to explain
why they expresseihterest and engagement in test questions that allowed them to apply novel solutions to
complex problems. However, from these conversations with students, we understood that they often
distinctly separate learning that happens in their academic classesl&arning that occurs outside of these
classes whether or not they are adopting the same or similar learning processes. It is plausible that the
problemsolving and criticathinking test questions given in an academic setting yet focusing on content
outside of their academic disciplines (at least, for many studentalt as a bridge between these two

f SINYyAYy3 O2yGSEGad tdzi Fy20KSN) gFe&x GKS GSada | O
academic contexts, from which they can become mesare of cognitive skills and learning processes that

are inherent to both, and that we try to foster in 2¢enturylearners in higher education today.
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D2Ff HY ¢2 dzy RSNERUOIFIYR aidzRSyidaQ LISNOSLIiAz2ya 2

The students we interviewed offered some key information about why student effort and motivation might

be low on both the CLA+ and the CAT. Some of the major reasons included that students were contending
with competing demands such as having to focusthrer school work and the lack of time in their

schedules. A common rationale was that when students were busy with other commitments related to their
degrees (such as projects and labs), they were not as motivated or as likely to participate in extasnal t
Students also surmised that motivation was affected because of the early time of day and the busy time of
GKS a0OKz22ft @SINJAY 6KAOK (KS (Saita 6SNBE 2FFSNBRO
2y | a2y RI & | y Rpetsdd¥ thiyikhit timingYigeNdyattey qlite a bit in terms of
LISNF2NXYIF yOSdé ODNRdzLI HO P ! y2GEKSNI LISNBR2Y 3l @S GKS
is going on. This semester we had just had two or three weeks of just insanity ancdse would have
AK26SR dzLJ¥ ODNRdzLIMO @

Other explanations for low motivation had to do with the repetitive nature of taking the same tests over

again, that the tests required a lot of writing, that the multijgkoice questions became arduous, and that

they got bored and tired by the end of the test. In the case of the CLA+, students commented on the fact
GKFG GKS 3INRdzL) ReylFYAOa YIFGAGSNI I aANBFG RSIFfY aL¥
R2y Qi ¢l yid G2 Lzl FTSTINBENIAANBI (I RSN RA 2985 R IUREyZ o {
of the CAT and they felt it was more representative of their individual effort and abilities. According to some
students, the VALUE rubric associated with the CLA+ did not account for udejaaution of effort and

this was seen as potentially discouraging for some students.

D2Ff oY ¢2 3IINYSN alddzRSyiaQ Ayaraakaa 2y STFSO
motivation for taking the tests in the future

Finally, wesougi aiddzRSydaQ AyairakKita Aydz2z K2¢g ¢S YAIKI AYL
increase effort on the tests. All students stressed the idea that test administrators could be more explicit

about the benefits of the tests to the testkers. Foinstance, students favoured the idea of being able to

see how they compare to other students in their departments and, more broadly, across the whole

university in order to benchmark their own academic successes. One student brightly suggested that

knowingl KS&4S a02NBa ¢2dA R KSfL) addzRSyda (G2 YN]SO (K¢
wl a02NB8 (GKSe O2dzZ R LRad fA1S | ljdza tAFAOFIGAZ2Y S L

Y2NX¥IFfte 08 AYGISNBAGB®R. oAy GF1Ay3 (KS (Saiaeé o6DN

There was also a strong suggestion among our student participants that we change the time when the test is
offered in the school year and even introduce flexible hours for people to take the tests both inside and
outside of class time. They aldoongly suggested that students receive some kind of credit, bonus marks or
extra percentages in the course in which they take the tests, or make the tests count as part of their actual
assessed course work. According to one psychology student:

a LT @t2odrovide feedback and if you wanted to really make sure that you have the students
engaged and performing at their best, you have to make it a course assignment. Only because if you
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R2 GKIFG @82dzQNB 3J2Ay3 (2 SyadiNBAVIKIAY LIBREX ) b a
(Group 3)

Students suggested other incentives to increase student motivation and effort, including offering free food
and small monetary gifts. One of the students commented that while money might be an incentive, it may
not generate better quality of participation and effort because the tests are not associated with their
grades. Collectively, the comments suggest that the most important factors to consider when promoting
motivation and effort for testing were:

The instrucor valuing the test
Ensuring test content familiarity
Effective timing

Providing feedback on achievement
Making the test score count
Providing monetary incentive

=A =4 =4 =8 -8 =9

Discussion

Development of complex cognitive skills over a foeyear degree

This report focuses on the implementation of tools to evaluate student achievement of complex cognitive

skills across a fotyear degree. Although there was an underlying motivation to encourage skills

development, the primary concern of the exploratorydy was to determine a viable way of assessing the
GNHzS FToAfAGe 2F adGdzRSyidaQ aljAatta 20SNIGAYS yR O
assessment constructs atfoke investigation of each found significant gains in student lesynhile

standardized tests were the most reliable approach from a psychometric perspective, the drawback was
student motivation and poor alignment with the activities that instructors and students really cared about in
their classes.

vdz$SSyQa Q& AXSHNAVNAIYT aGdzZRSyda LISNF2NY aAIYATFAOF Yyt
G2 GKS aStSOGAGS yI (Gdz2NB 2 7F videki®yypdblemsotvihglakd wiiterd K A Y A
communication skills, the challenge is to demonstratevhmuch they improve over a fowyear degree.

Researchers recognize that many factors contribute to the development of these skills, includingmctra
co-curricular activities, and life skills gained as students mature. The scored assignments amathésts i

research were all written. There is work to be done in investigating the assessment of these skills in oral and
information communication formats.

Assessment can be compromised by a variety of factors; in the case of standardized tests, thdsdestl
scheduling constraints, effort and incentives, and, in the case of using program rubrics to score academic
work, they include differences between assignment expectations and varying alignment to assessment
constructs. The htlass testing was condted according to course schedules; as a result, test sessions were
occasionally run at subptimal times of the day, days of the week or weeks of the term. The CLA+ test
window did not open until March, which we found to be a poor time as it overlapgédtihe midterm
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examinations. Many of the participating courses offered their-bpar lab or tutorial slot for student

testing, which prevented those courses from administering ther®@ute CLA+ in class. Researchers initially
recruited students to takéhe test outside of class time, but attendance at -@dficlass testing was very low
and therefore sample bias was a concern. For students who were not scheduled in a computer lab, they
either had to move to a different room or use their own computers. Mgwproved to be time consuming

and disruptive for students, and using their own laptops presented a range of technical issues. Issues like
these can impact student motivation and performance.

It is also important to consider that standardized tests dospecifically contain content directed at a

particular discipline. If the test content does not interest the student, or if students are in an unfamiliar

aLJ) O0S 2NJ R2y Qi KI @S Sy2dzaAK GAYS G2 O2YLX S&aBheli KS
students who took the test had their attendance rewarded with a course percentage mark. As effort level
dropped, researchers looked to alternate methods for incentivizing students. Financial incentives did yield
improved effort, but the cost mayebprohibitive.

[ SFYAy3 3AFLAya ¢6SNB Y2ald RSGSOGFIo6tS dzaAy3d yeS +! [}
students was critical thinking, with the majority of fingtar students demonstrating at the Benchmark 1

level, whereas the firsyearmedian performance of Problem Solving and Written Communication was
Milestone 2. Criticathinking outcomes also showed the greatest improvement. The majority of students

were at the Milestone 3 level by fourtyear. Over the four years of their undergrede programs, students
demonstrated sizable gains on all the VALUE outcomes.

Nonparametric analysis was used for the VALUE data in this report because the results were not derived
from scale data. That is to say, there is not the same improvementB&enchmark 1 to Milestone 2 on the
VALUE rubrics as there is between Milestone 3 and Capstone 4. The Capstone level criteria on the VALUE
rubrics is fairly aspirational. By way of analogy, think of the terrain map of a ski hill, then consider the VALUE
levds as the difficulty of ski runs. Benchmark 1, for example, would be a green run; with a little bit of
practice, anyone can do it. Théken Milestone 2 to an intermediate blue run; you need some training but
AGQa y20 (22 KIFNRO® saK&kdiadéeny i whsrdla naollefate feviePof/eSpertise is
necessary, but so long as the run is groomed, it is quite achievable. Finally, consider Capstone 4 as an
ungroomed double black diamond. In this terrain, you really need to be an expert. Howaherstudents

have a guide, say a supervisor in a thesis or design project to show them the way, and they employ a great
deal of rigour and effort they may achieve a Capstone 4 level.

Achievement in fourtlyear differed depending on the amount of st the students had. This difference
introduced error to the analysis. Another point of error arose from the course weighting for the assignment.

It was hardly fair to compare a weekly lab report to a yleag research thesis. Our marking protocols

descaibe the process for evaluating the assignment to determine which of the dimensions were valid to

assess. Part of the reason for this was to minimize these differences. That is, we only assessed dimensions of
the rubric when the assignment elicited demoragtons of the criteria. It was unusual for an assignment

with low course weighting to elicit demonstrations across all of the assessment dimeniienslationship

between assessed dimensions and score suggests that there is still work to be domg aligréourse

assessment to the VALUlbrics
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Skills development between programs and individuals, and the relationship to grades

Results from the CLA+ and CAT suggesiatthe Bachelor ofStience (BScstudents performed at the

highest level and thaBachelor ofArts (BA) students consistently saw the largest gains. It was more difficult
to directly compare programs based on VALUE results because the assignment types varied. The students
from the research thesis courses (one in an Engineering catesether in the Psychology thesis course)
achieved the majority of the Capstone 4 outcomes.

Gender was not a significant factor in the sampled population, the inference being that the instruments do
not contain gender bias and that gender does not infilce cognitive development. As might be expected,
students with English as their first language performed marginally better on the standardized tests. These
tests were offered only in English, and more than one student reported that the test would haverietn
easier for them if they could have taken it in Mandarin or another language. Language was not, however, a
factor for the course assignments. With course assignments, there was a longer duration for completion,
where effects of language were mitigated

Scores from all of the tools correlated with sessional GPA, but the VALUE rubrics were most closely related.
It could be argued that the student GPA reflects the sum of the course learning outcomes, the knowledge,
behaviours and habits of mind that veensider important for students in preparing them for their future.
Depending on the assessmentgttures, this might not be entirely true, but we can assume at least that the
GPA reflects some, if not all, declarative and technical knowledge, procesttiiislteamwork or
professionalism, in addition to critical thinking, problem solving and communication. For that reason, we
would not expect high correlations between GPA and the critical thinking, problem solving and written
communication as evaluatechdhe CLA+, CAT and VALUE scores. We would, however, seek significant
correlations and place more weighting on the assessment instruments that most closely reflect the course
outcomes. Coefficients for VALUE rubrics were all greater than .3, whereasTren@&£ LA+ coefficients

were less than .3.

It is also important to note that course assessment strategies and processes differ greatly and further work
is needed to determine what component of course grading reflects particular assessment construes. The
were assignments offered for inclusion in the project that could not be marked using the Critical Thinking,
Problem Solving or Written Communication VALUE rubrics because there was little or no alignment with the
assessed dimensions. This was partidylso in courses that were very technical in nature, with little

flexibility to adapt any of the course assessments to specifically target learning outcomes.

Cost and timeefficiency of instruments

Researchers faced difficulties in coordinating technical and logistical requirements necessary for

standardized testing. Even when researchers managed to get the students to take the tests, the students
RARY QiU ySOSaal NARf & LldziNPAGYE SivK SIAMAND OFSNR(Y S T NZONIAD OCAKE AAA]
if the students were capable of better results. In the final year of the project, monetary incentives were used

in an attempt to minimize this problem, but fiscal as well as logistical considesdtio assessments of this

type are a concern for sustainability. The CAT tests must be marked using a rigid protocol, which requires
trained markers and sufficient time, then sent to Tennessee for calibration. Data from the CLA+ and CAT
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tests are not avdable until approximately two months after testing. Delays in receiving data make it
impossible to use the test score for a lstakes course assessment, and also make it difficult to use the data
for course improvement. The CLA+ includes a digital badgstgm for students, with reports sent directly

to students at roughly the same time as the CLA+ institutional report is sent to the institution. Data from the
tests is confidential and both test providers have security protocols in place to ensurdéhdata is not
inappropriately accessed. These tests provide data that can be confidently aggregated across disciplines and
can also be used for comparisons to US institutional averages published by the test provider.

Working toward longerm sustainability, the research team is focusing much of its time and effort working

on the ground with existing faculty to create instruments that minimize any additional workload on their

part and to create instruments that are uiilly invisible to the student. We have a rising level of awareness
about assessment of transferable learning outcomes within the departments involved in the project, and are
running information sessions and workshops with faculty to share our understamdth a broader

audience. This understanding is a hecessary foundation for a-s@@dde rollout. Discussions have begun
regarding possible inclusion of additional departments for involvement of general leavatngmes

assessment.

During the study, wéound anecdotal evidence that some faculty and instructors were open and keen to
implement new assessment processes, but that many were wary of change. Some faculty members felt that
these intellectual skills were captured within their current assessmesthods, and they remained

unconvinced about the need to specifically assess these skills. On the other hand, the instructors involved in
the study found tangible benefits in the provision of student achievement data, and many used the
information to makemprovements to their courses.

Additional outcomes andmpact
Communication and professional development

1 A project website was developeldt{p://www.queensu.ca/gloa/home

1 The project team facilitated w&shops, presented webinars and presented at conferences across
Canada and US

9 Facets of the project were publishedTheEuropean Journal of Engineering Educatard
Assessment and Evaluation in Higher Educdtietrils available here:
http://www.queensu.ca/gloa/resourcesnd-research

9 Task development workshops have been run each year to build common understanding of
expectations and structures for assessment of critical thinkingpaadlem solving

Development of rubric building tool

The VALUE rubrics do take some time to become familiar with. The language in the descriptors is very high
level and general. The project researchers used them in their published form, but coursetmstfaand

them difficult to relate directly to their course assignments. In the second year of the project, researchers
used assignment annotations to adapt the VALUE rubrics to include deparspecific language. The
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resulting rubrics were still veryeneral, and were no more useful to the instructors for direct application to
their course assignments than the published form of the VALUE rubrics.

The next step in the research was to develop aWwabed rubrigbuilder, which asks the instructor specifi

leading questions about what the assignment is about and what they want their students to demonstrate. A
menudriven web application was developed as a support mechanism for educators in developing rubrics for
student assessments such as analysis anelares projects, design projects, investigations or structured
inquiries. The rubric builder, Building Assessment Scaffolds for Intellectual Cognitive Skills (BASICS), focuses
on the cognitive and intellectual skills of critical thinking, creative thinkimfyproblem solving. The items

and language in BASICS were developed through a process of collecting annotations from over 900 work
samples. The annotations were grouped by level and high frequency terms were identified. The rubric
scaffolds represent theommon elements for each of the rubric dimensions. Construction of the rubrics is a
five-step process, resulting in a rubric scaffold with action verbs consistent with the levels on the VALUE
rubrics that instructors can finkine to their own needs.

Ove the duration of this project, experts from across the world continued to investigate assessment and the
value of college education. The Measuring College Learning (MCL) project synthesized existing literature and
key recommendations from six faculty pdnéhite papers. The core principles presented were:

Faculty should be at the forefront of defining and measuring undergradieats learning outcomes
Students from all backgrounds and institutions should be given a fair opportunity to demonstrate
their knowledge and skills

1 Any single measure of student learning should be a part of a larger holistic assessment plan

1 Institutions should use assessment tools on a voluntary basis

1 Measures of student learning should be rigorous and high quality and shieldddata that allows

for comparisons over time and across institutigR®ksa et al., 2016, ppcI1)

T
1
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undertaken in the MCL project, but our empirical methods derived similar findings. The discussion that
follows echoes the above principles.

Limitations

This report itemizes numerous limitation§ the approach and methodology throughout this paper, and

space limitations do not permit a full discussion here. However, in brief, our findings are that standardized,
non-embedded tools such as the CLA+ and the CAT have significant limitationshq@udstudent

motivation due to lack of disciplingpecific content, repetition of the same test over multiple years, failure

of instructors to encourage student effort and the fact that these assessments do not count toward the
course grade. Other logistl factors include time required to complete the tests, technical difficulties in test
administration and delay in receiving the results. The CLA+ and CAT were also significantly more costly.
While the VALUE rubric assessments were less problematimis tf student motivation, logistical

challenges and cost, limitations included less comparable results due to differences in assignment type and
some misalignment between the assignment and the VALUE criteria.
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Another limitation of the longitudinal dates the decrease in the overall number of students tested from

first to fourth year, and the fact that the number of matched students tested with specific measures across
all years of study is relatively low. While testing all measures in all years prémidebust longitudinal

data, test fatigue could have been mitigated and student motivation and effort may have increased by
conducting the assessments in first and fourth year only. Studies of this kind are also susceptible to further
factors, includinghe lack of a control group among the general population not engaged in postsecondary
education, meaning that it is difficult to factor in developmental growth that is unrelated to purposeful
academic instruction in the acquisition of higkader cognitie skills. Further study is needed on many
fronts: the implementation and correlation of yet more tools that measure critical thinking; studies that
maintain a control group not influenced by postsecondary education; and studies that correlate growth in
higher-order transferable skills and labourarket and life outcomes several years beyond the completion of
postsecondary education.

Conclusions

The purpose of the Learning Outcomes Assessment Consortium project [jlMesQo investigate
sustainablemethods of assessing critical thinking, problem solving, written communication and lifelong
learning in undergraduate programs and to yield information for course and program improvement. The
Collegiate Learning Assessment Plus and the Critical Thinldagsftsent Test provided demonstration of
learning gains and allowed for int@rstitutional comparisons, but were expensive and susceptible to
motivational issues. The Valid Assessment of Learning in Undergraduate Education rubrics were found to be
the mostcost effective and useful method for informing instructors of improvements to teaching and

learning. The greatest variability for consistent use of the VALUE rubrics was in the alignment between
course and VALUE dimensions. Using a network approach anddhUE rubrics for purposeful alignment is

the focus of the next iteration of the Learning Outcomes Assessment Consortium projectl)[LOAC

All of the stakeholders involved in this institutigride project (administration, heads of departments,
instrudors, students and researchers) found it valuable to know how well students were developing the
skills of critical thinking, problem solving and written communication. Lifelong learning was of interest to
some, but was more difficult to quantify and remaha lesser focus of the study. The primary challenge
was assessing students in a way that provided data that could be aggregated. Standardized testing was
costly and difficult to implement. Participation rates among fowy#ar students were much lower dim
first-year rates, primarily because the figtar testing was conducted in scheduled courses, which was not
possible for the fourthyear students. Along with motivational issues, these are two of the disadvantages of
standardized tests compared withing VALUE rubrics to score course assignments. Interviews with
students suggested that the following are key to encouraging students to put effort into the test: that
instructors value the data, that the test content is relevant to students, that testdist®uld not conflict

with other commitments, and that achievement should be made available to students. Additionally, if the
test score counted toward a grade, then students would put effort in. Failing that, the suggestion was to
provide financial incemes.
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We found the most successful strategy was to work directly with instructors to help them engage students
with assignments that specifically encouraged and elicited critical thinking and problem solving. When
comparing methods, feedback from insttacs suggested that the VALUE rubrics could be more effective in
the short term, but they also recognized that there may be benefits in the CLA+ or CAT foitéonger
evaluation and comparison with other institutions. This project provided rich lessemesaarchers

navigated the challenges and contextual constraints. To encapsulate its findings in a feywdintetoes

not do justice to its complexity, but the for the sake of quantifying results we provide them here:

CLA+ and CAT scores demonstratigaificant improvement from first to final year.

VALUE rubric scores demonstrated large, ongoing increases in critical thinking, problem solving

and communication between firstsecond, third- and fourthyear samples.

1 Correlations between critical thking and communication dimensions measured on the CLA+,
CAT and VALUE rubrics were low but significant.

1 The cost of implementing the VALUE rubric marking was approximately C$20 less per student
than implementing the CLA+ or CAT tests. The VALUE rul8ias3hSf 9Sa R2y Qi O2a
if marking was part of an institutional assessment plan, the cost would be negligible.

1 The CLA+ results provide an ability to compare institutional performance with other schools.

This is not possible with VALUE rubricrsgpwithout common training and calibration

procedures.
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