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ur graduates should be skilled at solving problems.'"*!

In Part 1! we distinguished between “problem solv-

ing” and “exercise solving,” summarized five prin-
ciples of assessment, listed four example goals and criteria
for skill in problem solving, and gave seven forms of evi-
dence. These forms were basically tasks in the subject disci-
pline that are assessed for the answer, comprehension of the
subject knowledge, and skill in problem solving. One of the
major difficulties in trying to use this as evidence is that it is
hard to make certain the assignment is a “problem” that tests
higher-order thinking and not an “exercise.” Other difficul-
ties include the lack of published marking criteria for the
process and the student’s inability to perform well on exams
because of exam anxiety (or because of the lack of study skills
or the inability to display the problem-solving process well).

In this paper, we describe other forms of evidence besides
the seven options given in Part 1.”) In Section 1 we list eight
forms of evidence related more directly to the problem-
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solving process. In Section 2 we analyze the relationship
among some of these suggested forms of evidence. In Sec-
tion 3 we offer suggestions for evaluating a program’s effec-
tiveness in developing skill in problem solving.

OPTIONS PRIMARILY
FOR THE PROBLEM-SOLVING PROCESS

Once the goals and criteria are developed and published,
consistent with assessment Principle #4.° a wide range of
evidence can be gathered. Option 1 (mark the answer) and
options 2 through 7" focused on marking the answer, sub-
ject knowledge comprehension, and the problem-solving pro-
cess. Here, we continue and consider eight additional options
where we gather evidence of the problem-solving process.

Option 8: Written or Talk-Aloud Scripts of the Problem-
Solving Process for a Variety of Chemical Engineering
Questions * In Option 2, the written script (or problem
solution) tends to be marked mainly for comprehension of
the subject knowledge. In Option 3,"*! providing published
criteria about the process makes it easier to assess the prob-
lem solving, although some criteria may be intimately con-
nected with comprehension of the subject knowledge. Op-
tion 8 is a variation on protocol analysis used by researchers
to analyze problem solving. Students are asked to write their
thought processes as they solve a problem. We are still
plagued by the question, “Does the student find this to be a
problem or an exercise?” We can usually determine this
from the script, however. Question 1 in Table 1 illustrates
the approach. Some example criteria used for marking the
script include that the students demonstrate

e That they are aware of the process and can write it out or
describe it (the script should be complete and intuitive
processes should be made explicit)
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» That they are organized and systematic

* That they apply a strategy flexibly

* That they monitor frequently (by asking, “Why am I doing
this?” or saying, “If I do this, then...”)

* That they check and double check, show a concern for
accuracy

* That they are active by underlining, writing things down,
and making charts (to overcome the limitations of short-term
memory)

The script is relatively easy to mark and the students’
marks are broadly distributed. For example, in the MPS
program'* for a chemical engineering problem taken from
a text by Felder and Rousseau,”’ the average mark was
58% with a standard deviation of 23%. For the chemical
engineering questions we selected, we found no evidence
to suggest that the students (sample size, n=73) were
exercise solving.

A second observation relates to the style of script pro-
duced by students under Option 2" (mark the answer, the
comprehension of the subject knowledge, and the problem-
solving process), compared with Option 8. In our program,
the same students were registered in both the mass balance
course and the problem-solving course. Scripts produced by
the same students on similar problems from the text by
Felder and Rousseau®' showed that under the conditions for
Option 2, few details about the process were included. Un-
der Option 8, students described mistakes made, corrections
and adjustments, and attitudes.

Angelo and Cross'® describe similar options, CATs 21 and
22, and suggest that these be used to monitor the classroom
learning experience. Both CAT 21 and 22 could provide
evidence for assessment if the criteria are published and
consistent with the goals, as described in Part " and if the
students are aware of the goals and the purpose of the activ-
ity. Remember, however, that for CAT 21, in step two when
you solve the problem yourself, you are modeling “exercise
solving.” Teachers are expert in their subject areas and have
arich set of correctly-solved problems in memory. In “prob-
lem solving,” the steps taken are more likely to be similar to
those described by Bodner'”!

“...read the problem, read it again, write down what you
hope is the relevant information, draw a picture, make a list,
write an equation to help you begin to understand, try
something, try something else, see where it gets you, read the
problem again, try something else, see where it gets you, test
intermediate results to see if you are making any progress
toward an answer, read the problem again, when appropriate
strike your head . . . and so on.”

Teachers rarely model such a process.

Option 9: Test and Exams that Probe Problem-Solving
Skills (TEPS) < Tests are created in the context of public,
observable, and unambiguous learning goals together with
measurable criteria that are created explicitly for problem-
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solving skills."”! Table 1 gives some sample TEPS.

Angelo and Cross’ CATs 19 and 20, “problem recognition
tasks™ and “What's the principle?,” are suggested as meth-
ods to monitor classroom learning. These could be con-
verted into a TEPS if the criteria are published and consis-
tent with the goals, as described in Part 1" and if the stu-
dents are aware of the goals and the purpose of the activity.
Otherwise the CATs fail to meet assessment Principle 4,
which says the judgment should be done in the context of
published goals, measurable criteria, and pertinent, agreed-
upon forms of evidence."

Option 10: Self-Assessment of Achievement of the Target

Skills for Problem Solving e Individuals can periodically
reflect on and self-assess their skills relative to the published
target skills for problem solving."**'"" Similarly, the list of
target skills for trouble shooters”®*' can be used to document
growth through self-assessment.

Option 11: Self- and Peer Assessment of Problem-Solving
Activities * Traditionally, the evidence is assessed by the
teacher. The assessment can be made, however, by outside
evaluators, by peers, or by each student as self-assessment.
Alverno College"" emphasizes the importance of self-as-
sessment as learning. In the MPS program,” students re-
ceive between six and eight hours of workshop training on
assessment and self-assessment."” Students practice apply-
ing the principles of self-assessment through resume writ-
ing, personal enrichment projects, and their written reflec-
tive journals. Each has a personal interview (similar to a
performance appraisal) twice during the course with the
instructor. In these interviews, the student and the instructor
consider the evidence and the “skill mark based on evi-
dence” and agree on the degree to which the goals of the
course have been achieved.

Option 12: Written Evidence from Workshops on Problem
Solving * As part of the classroom activities to develop
students’ skill in problem solving,” the student completes a
range of written activities. The written evidence includes
peer feedback, personal reflections, individual and team tasks,
and self-assessment.

Option 13: Written Reflections of the Process ® Research-

ers have noted the importance of reflection as a means of
developing skill."*"*! Kimbell, et al.,"* and Schon'"*! have
shown the merits of reflection. Students can be asked to stop
often and write reflections on how they did the task, what
they are discovering, or what went on.'"! Such written re-
flections provide a rich set of evidence about the problem-
solving processes.

Option 14: Reflective Assessment Journals of the Process

and the Application ® Students can keep a record of their
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TABLE 1
Sample Questions Based on Objectives for Subset Problem-Solving Skills, TEPS

Question 1

Awareness of the overall process: For the next 20 minutes, write out
your thought processes as you solve the problem. Please show me the
process you are using. (Insert a chemical engineering problem.)

Time: 20 minutes

Question 2

Goal setting, criteria generating and self-assessment: A friend wants
to (improve stress management, lose weight, stop smoking, improve her
self-image, etc.) She asks your advice. For the goal “to improve stress
management:”

* Break the goal into two subgoals

e Rewrite one subgoal in “observable terms”

* Create at least one measurable criteria that could be used to
measure success in achieving the subgoal selected in the second
step above

* Write out the type of evidence you would collect to show progress
toward the subgoal given in the second step above

Time: 25 minutes

Question 3

Analysis, classification: Draw a concept map for the information given
in Table 1. (Provide Table 1 from a textbook.)
Time: 30 minutes

Question 4

Creativity, classification, and awareness: For the trouble-shooting
problem given in Figure 1 (provide a trouble-shooting situation as
Figure 1):

* Brainstorm fifty possible causes and write these down within ten
minutes

* Analyze your list, note the basis of classification, and divide your
ideas into at least seven different categories (within thirteen
minutes)

e Select four ideas which are technically feasible (within two
minutes)

e Select the “craziest” idea and write out your thought processes as
you use this idea as a trigger or stepping stone to obtain a “new”
technically feasible idea (within 20 minutes)

Total Time: 45 minutes

Question 5

Analysis and classification: For the outline for a written report (an
example is given below):

« Identify the basis of classification and indicate any faulty
coordination or faulty subordination

« List any other faults in the classification

* Write out a corrected classification

Audience: Engineer who needs to know information about the potential
development of a hydroelectric dam.

1. Introduction:
A. Water power and its significance for Canada’s
development

2. The Crane Canyon Dam and Resevoir
A. Information about the dam site
1. Suitability of the dam site
2. Character of the subsoil for a resevoir

3. Cost on constructing a dam on this site
4. Cost of preparing the area for a resevoir
5. Cost of constructing the power generation
facility
6. Cost of transmitting the power
B. Information about the water obtainable
1. Minimum run-off available

2. Probable water loss from leakage and
evaporation

C. Information about the community
1. Results from public input meeting number one
2. Results from public input meeting number two
3. Summary of “No Damn Dam Here” rally
4. Input from the chamber of commerce

D. References

E. Appendices
1. Consultant’s report on the soil
2. Minutes of public input meeting number one
3. Minutes of public input meeting number two
4. Newspaper clippings about the “Damn” rally
Time: 20 minutes

Question 6

Self-awareness and understanding of inventories about personal
style: You are on a team consisting of the people listed in the chart
below. Also listed are the Jungian typology and Kirton inventory for the
other people. Add your own scores. What are the implications of the
results of these inventories on:

e Potential conflict—be concrete and identify the people, their be-
havior and explain the conflict and the degree of conflict
e Team “blind spots” where the team may not be as effective
Time: 20 minutes

Member 1 S T P KAI
YOU: —_— —— — e
Andy 23 25 15 19 85
Lisanne 15 28 13 20 91
Jean 28 21 26 13 82
Tom 10 30 35 26 70

Question 7

Self-awareness and understanding of inventories related to personal
style of studying and learning: For the “Approaches to Study” inven-
tory and the “Strategic Measure,” (first number):

* Describe the meaning of a score of 5

¢ Describe the meaning of a score of 24

¢ What is your score?

« Describe the implications of your score? What does your score
mean?

« Compared to the scores on the other two measures ( “Rote” and
“Search for Meaning”), is the score on the strategic measure a
score that represents you? Explain.

Time: 20 minutes

62

Chemical Engineering Education




Question 8

Classification, “define the stated problem,” and visual thinking: For
the problem in Table 1 (provide Table 1 to students, the problem state-
ment should be very long and complex):

« Identify the stated goal, task to be done, or unknown to be
determined

* Draw a “good” diagram(s) to represent the situation

« Indicate the system by drawing (on the diagram drawn in the
previous step) a dotted line around it

* Identify the knowns

* Identify the stated constraints

« Identify the stated criteria

Do not continue to solve the problem!

Time: 30 minutes

Question 9

Stress management: a) Monitor your own stress level before you read
question eight, after you have read it, and again after you have com-
pleted it. Use a rating scale of zero to ten (zero is negligible stress and
ten is high stress) to record your stress levels at these times. Distinguish
between positive and negative stress. Use the following chart to summa-
rize you ratings.

b) List the stress management techniques that seem to work for you
under “test” conditions.

Time: 5 minutes

Positive Stress Distress
Before reading question 8
After reading question 8

After completing question 8

Question 10

Learning: Use a Larkin Checklist for “Henry’s Law.” Use the form
given (provide a form):
Time: 25 minutes

Question 11

Stress management: For stress management, select the task that is most
appropriate for you from those given below and describe how this
relates to how you manage stress and anxiety in a problem-solving
situation (select only one):

* List the traditions that are important to you to provide touch-
stones of stability in your life

TABLE 1 (continued)
Sample Questions Based on Objectives for Subset Problem-Solving Skills, TEPS

* List the personal put-down talk that you used to use on yourself
and write out how you have changed

» Write down the stress management techniques that you used to
use and those that you use now when you are writing an exam

Time: 10 minutes

Question 12

Self-assessment: Figure 2 (provide Figure 2) records a person’s de-
scription of what he or she did in a summer job. Based on this informa-
tion:

» Write a paragraph describing the job and create additional
information if you need to. Rationalize your need to add this
information

* Consider your answer to the above direction to be “evidence” of
your skills. Based on this evidence, list the skills that you can
claim to have

» Write the introductory statement of, “Skills I bring to this job”

Time: 10 minutes

Question 13

Experience factors for chemical engineers: Use SI units to record
reasonable, order of magnitude values for the following:
* The density of liquid water
* The vapor pressure of benzene at 100°C
* The heat of vaporization of water
* The density of air at room temperature
* The compressibility factor for “nonideality” for a gas at a
pressure of 10 atm
« For a reactor producing compounds like ammonia and methanol,
compute the fraction of the reactor exit stream that would be
recycled
» Compute the fraction of a recycle stream that is usually sent to
purge
Time: 7 minutes

Question 14

Diagrams and visual thinking: Figure 3 (provide Figure 3) shows a
section of a process to make ammonia. In this process, natural gas and
steam react in the primary and secondary reformers to make ammonia.
On this section of the flow diagram:

* Add any missing streams that would be needed for a mass balance

* For the recirculating pump attached to the steam drum on the
primary reformer, is the symbol for the pump consistent with the
direction of the arrows?

* For the heat exchanger on the exit gas from the secondary
reformer, is the exit gas on the shell side or the tube side of the
exchanger?

Time: 10 minutes

daily use and application of problem-solving skills in the
context of published, explicit goals and criteria. In the MPS
program,”! students submit a written reflective journal for
each unit. Based on the written evidence, students self-
assess the degree to which they have achieved the goals for
the unit. The written evidence can include materials from
Options 7, 8, and 10-13. They add reflections of personal,
outside-of-class efforts to bridge and extend the application
of the target skills to homework assignments in other courses
and to solve problems in their everyday lives. In reference
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four (Table 5 by Woods, et al.) is a list of some example
activities. Examples of written reflective journals have been
published.!"®'” These reflective journals can be marked with
two sets of criteria: 1) the quality of the written assessment,
and 2) the degree of problem-solving skill development as
substantiated by the submitted evidence.

Option 15: Portfolio About Skill in Problem Solving * A
portfolio is a collection of evidence of “best” work. Whereas
Option 14, Reflective Assessment Journals, is structured
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around faculty-generated goals for skill in problem solving,
the portfolio allows students to select materials that repre-
sent their best work. Ideally, the student should write in the
portfolio a clear summary of the skills achieved, as demon-
strated by the materials included in the portfolio. Consistent
with assessment Principles 2 (judgment is based on evi-
dence) and 4, the goals and marking criteria, whether
generated by the faculty or the students, should be published
at the beginning of the semester.

AN ANALYSIS OF SOME FORMS OF
EVIDENCE FOR THE ASSESSMENT OF
PROBLEM-SOLVING SKILLS

Of the seven options listed in Part I and the eight options
listed in Part II, we focus on Option 2 from Part I (because it
is traditionally used in many programs and because some
measures of the answer and the subject knowledge are needed)
and Options 8-14 (where the emphasis is on evidence in the
context of published goals and criteria for problem solving).

Options 8-14 have been used in the McMaster problem-
solving program,”’ which consists of a sequence of four
required courses to develop (as program outcomes) the
student’s skill in problem solving, communication, team and
group work, lifetime learning, self-assessment, and change
management. The focus in this paper is on the sophomore
course that addresses development of problem-solving skills.

To assess the development of problem-solving skills, we
use the following four forms of evidence:

e Tests and examinations for components of problem solving,
called TEPS in the McMaster program, (Option 9). The TEPS,
including scripts, were used for the two-hour written examina-
tions held at the end of the problem-solving course. The
resulting mark we call the “exam mark.”

A script TEPS that requires a script to be written, as de-
scribed in Option 8, and as illustrated in Question 1 of Table
1.

Reflective journals (Option 14) that use evidence from
Options 10-13, and which were marked for the quality of the
written assessment.

Self-assessment (Option 11) based on a personal interview
and the accumulated evidence of skill development.

These four are independent measures. The course in problem
solving was taught by two of the coauthors, HS and DW.

Using multivariate statistical analysis, we examined two
issues. Is there any correlation between the results from
Options 8,9, 11, and 14? Are there any correlations between
exam marks in chemical engineering courses and the mea-
sure of problem-solving skills? In multivariate analysis, the
sample correlation coefficient between y, and y, is defined
aS[lS]

2(}’1 < )(Y2 —72)

5182

p(y1.y2)= (1)
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where: y=individual variable, Y=mean, s=standard devia-
tion, and n=sample size

» Are the results from Options 8, 9, 11, and 14 correlated?

For two relatively large sample populations, n=112 and
n=256, the journal (Option 14) and the self-assessment (Op-
tion 11) are highly correlated (p=0.73) and these are moder-
ately correlated with TEPS (Option 9) (p=0.40). For smaller
samples, n=49 and n=72, where data were available on the
script (Option 8), the journal (Option 14) and the self-assess-
ment (Option 11) are highly correlated (p=0.78). They are
moderately correlated with TEPS, excluding the script (Op-
tion 9) (p=0.45). The journal and self-assessment are not
significantly correlated with the script (Option 8) (p=0.29).
An in-depth principal component analysis, PCA, confirmed
these findings. We used PCA to eliminate outliers and to
confirm robustness of the results.

For those who seek a single “gold measure” of problem
solving, according to assessment Principle 5,”' the measure
should include many different forms of evidence and we
wanted the students to have some input as to the weighting
of the components. Here is one approach to obtaining a
single measure of problem-solving skill that combines dif-
ferent forms of evidence. The TEPS (including the script
mark when this is available) we refer to as the “exam mark.”
The “term mark™ is a fifty-fifty mix of the “sum of the marks
for the quality of the reflective journals” (Option 14) based
on published measurable criteria, and the “self-assess-
ment mark,” (Option 11) based on published and mea-
surable criteria, written evidence, and confirmed by the
personal interview.

Students could select any weighting between 90 and 10
for the exam mark relative to the term mark. The selection
was made in writing by the end of week nine in a twelve-
week semester. The default contract was that the student
would receive the highest of a sixty-forty spilt. The results
would be the “contract mark.” Some illustrative contracts
chosen by two different cohorts of students (n=37 and n=32)
were:

90% term work 24% 0%
80% term work 5% 46%
75% term work 0% 2%
70% term work 0% 16%
Best of 40-60 split 71% 35%

Occasionally a student will select seventy, eighty or ninety
percent “exam mark.” The results of the longitudinal study
suggesting that the contract mark is a valid and reliable
single measure are published elsewhere.!

» Are exam marks in chemical engineering courses corre-
lated with the measures of problem-solving skills?

In addressing this question, we were sensitive to the issues
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raised earlier” related to our ability to gather evidence about
problem-solving skills through exams. We wanted to select
conventional, three-hour written exams in courses in chemi-
cal engineering where

* The courses were taken in the sophomore year, either
concurrently or immediately after the problem-solving course,
so that we could capture the performance of students as their
problem-solving skills were improving.

The instructors in the courses were experienced in teaching
the subject discipline and were aware of, and skilled in,
teaching problem solving. Coauthor CMC has been co-
investigator in the MPS program since its inception in 1974
and he developed the second of four courses in the MPS
program and taught a sophomore course in mass balances.
PEW was co-developer of the third problem-solving course
and taught both mass balances and heat transfer. JMD has
used elements of the MPS program in his approach to
teaching the sophomore course on energy balances. Each
instructor had taught these courses often.

The exams included questions requiring higher-order thinking
skills.

e The instructors assigned part marks for the process.

The courses that satisfied these criteria were sophomore
courses in mass balances (three classes taught in different
years by CMC or PEW), energy balances (three classes
taught by JMD), and heat transfer (two classes taught by
PEW). The eight exams included in our analysis tended to
have five questions, all of which we rated as addressing
greater than level three in Bloom’s taxonomy.""”’ The mark-
ing scheme used by each different instructor focused prima-
rily on subject knowledge comprehension, although marks
for the process were assigned where the process could be
deciphered. In all courses the exam mark was an average
over all questions in the exam.

For the sample set of students for the study we wanted
students who were more likely to be problem solving (rather
than exercise solving), who were motivated and skilled in
studying for exams, and who did not suffer from exam
anxiety. Data were available from 266 chemical engineering
students from six cohorts of students who took the problem-
solving course and the three courses. We deleted students in
the following categories from the pool :

¢ 24% who had marks better than B- on their first year
performance (to remove potential exercise-solvers from the
sample)

¢ 31% of the students who probably had high exam anxiety
(those with scores greater than 60% on exam debilitation from
the Alpert-Haber inventory,”**" those who had greater than
thirteen on the Kellner-Sheffield inventor_v,"’"""’ or those who
had greater than 30% difference between homework scores
and exam performance scores)

* 8.5% of the students who seemed to be poorly motivated or
lacked skill in studying for tests'

Some students removed from the sample were in more
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than one category. Student A was excluded because marks
were above B-, exam anxiety was greater than sixty, and the
difference between exam and homework marks was greater
than 30%. Student B was removed because motivation and
test skills were low, exam anxiety was greater than sixty,
and the difference between exam and homework marks
was greater than 30%. In other words, the resulting co-
hort of 119 students represented students who should
perform well on exams (Option 2) and whose perfor-
mance on an exam should give the instructor an opportu-
nity to assess problem-solving skill.

Not all the students in the sample took courses together, so
our analysis considers the three subjects separately. Both a
multivariate analysis and PCA were used in this study. The
correlation between the exam marks in the mass balances
course (three classes with n=47 that had two different in-
structors) and the marks for the journal (Option 14) (p=0.4),
the self-assessment (Option 11) (p=0.24), and TEPS (Op-
tion 9) (p=0.17) is “very low” to “not significant.” The
correlation between the exam mark in mass balances and
“gold standard” mark in problem solving is “not signifi-
cant,” (p=0.26).

The correlation between the exam marks in the energy
balances course (three classes with n=77, one instructor) and
the marks for the journal (p=0.3), the self-assessment (p=0.1),
and TEPS (p=0.2) is very low to not significant. The rela-
tionship between the exam mark in heat transfer and the gold
standard mark in problem solving is not significant
(p=0.235). The in-depth PCA confirmed these findings.

In summary, we

» Believe that Options 8-14 can be used as evidence of problem-
solving skill.

» Believe this suggests that the TEPS, in the forms that we used,
is not as effective a form of evidence as self-assessment and
Jjournal writing. The script, in the form that we used, was not
effective.

» Recommend using a variety of forms of evidence. We also
recommend the use of a contract mark in which the goals and
criteria are published and regarding which the students have
some choice in the relative weighting of the evidence.

» Elaborated on the challenges of using conventional subject
discipline exams as a measure of problem-solving skill. Even
addressing these challenges as best we could, we found no
relationship between the exam marks in subject discipline
courses and our measures of problem-solving skills.

» Found, in a very limited part of this study, that an assessor
tended to focus more on the comprehension of the subject
knowledge than on the problem-solving process when
assigning part marks.

» Found, in this study, that students working under conventional
exam performance conditions rarely display the problem-
solving process well. The quality is improved when students
are asked to write a script.
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These results contradict the assumption that student per-
formance on the standard chemical engineering exam ques-
tions is a reliable measure of problem-solving ability.

PROGRAM EVALUATION

Is the program developing students’ skills and confidence
in problem solving? The evidence for program evaluation
can include

* Assessment data of student performance (by measures such as
Options 8-14)

e Examples of products such as student journals (Option 14)

* The TEPS complete with goals and criteria

* The marking templates used in Options 2 and 3"

Other useful data to benchmark performance include pre-
and post results from commercially available tests (that have
been developed and validated) and exit surveys of gradu-
ates.

Published tests

The criteria for selecting tests might be

* The test should relate to attitude or skill in problem solving

* Preference would be given to tests that are available at
minimum cost

* Benchmark data should be available for comparable
populations

The book Tests in Print' lists a wide variety of psycho-
logically proven tests that might add insight into skill in
problem solving. Some tests assess “skills” and ability to
apply the problem-solving skill, while others assess “atti-
tude and/or confidence” in one’s skill in problem solving.
Other options with some benchmark data are published.”"
Examples of such tests include the Torrance Test of Creativ-
ity,”” Basadur’s Ideation,” Heppner's Problem-Solving In-
ventory,””! and the Billings-Moos test.”®! The Torrance test
for skill in creativity'®' has been used by other investigators."*”!
The test asks participants to solve content-independent prob-
lems whereas we preferred to design TEPS, like Problem 4 in
Table 1, that used chemical engineering problems.

Basadur’s test® relatd ?[ Tto attitude toward creativity through
two measurers, willingness to postpone judgment and atti-
tude toward “ideation.” Values for the former range from 8
to 45 and a low number is desired. The measure of ideation
has values from 6 to 30 with a large value as the target. The
Heppner Problem-Solving Inventory'*’' measures attitude to-
ward problem solving.

The Billings-Moos test”! asks people to identify a par-
ticularly difficult problem they addressed in the past year
and, in the context of solving that problem, to rate the degree
to which they applied the 32 listed tactics. From this the test
developers have extracted statistically significant measures of
problem-solving skill and of avoidance to solving the problem.
Results of pre- and post-test results for the MPS program, and
for some control groups, are given elsewhere."***!
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Use of Exit Surveys

Queen’s University has developed an excellent survey
questionnaire.”” The key question is, “Please indicate the
degree to which your education at Queen’s contributed
to your learning and development in each of the follow-
ing areas: “creative thinking,” “problem-solving skills,”
etc. Rating for answers ranges from one (very little) to
five (a great deal).

Data for engineering from 1994 are available as a bench-
mark."" Here are data for the alumni response to the ques-
tion regarding development of creativity. The numerals in
square brackets represent the standard deviation. The first
four results are from graduates at McMaster University.
Details of the unique five-year Engineering and Society
program are available."”" The last result is from all branches
of engineering at Queen’s University.""
* For graduates of the MPS program:""! 4.48 [0.82]
* For graduates of materials engineering: 3.57 [0.79]
* The contribution of the “home” department for graduates of
the Engineering and Society Program: 2.97 [0.97]""1

* The contributions of the Engineering and Society Program
courses for graduates of that program: 4.42 [0.73]""!

* For graduates of all branches of engineering: 3.27

Here are some data for the responses to the question on
development of problem-solving skills.

* For graduates of the MPS program:''"! 4.92 [0.28]

* For graduates of materials engineering: 4.43 [0.53]

* The contribution of the “home” department for graduates of
the Engineering and Society Program:"*' 4.28 [0.70]

* The contributions of the Engineering and Society Program
courses for graduates of that program:""' 3.56 [0.88]

* For graduates of all branches of engineering: 4.49

Such data are useful evidence from recent graduates about
the effectiveness of programs.

SUMMARY

Assessment is based on evidence of performance. Fifteen
options for gathering evidence were described, seven in Part
1P and eight in this paper. Data from the students’ perfor-
mance in the McMaster Problem-Solving program were used
to suggest that

P Tests and Examinations of Problem-Solving Skills (TEPS)
can be developed that are consistent with the published goals
and criteria. These results, however, are least highly related
among the measures.

P Self-assessment and journal writing were highly-related
measures of problem-solving skill.

P The use of a written script gathered for the sole purpose of
displaying ten to twenty minutes of thought processes used in
problem solving was not a statistically significant measure.

P We recommend using a variety of forms of evidence. We also
recommend the use of a contract mark in which goals and
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criteria are published and regarding which the students have
some choice in the relative weighting of the evidence.

The results from exam scripts in subject discipline—where
correctness of the answer, subject knowledge, and problem
solving were being marked (Option 2°')—gave one form of
evidence, but it should not be used as the sole form of
evidence. The challenges of using conventional exams as a
measure of problem-solving skills were described in Part 1./
Even addressing these challenges as best we could, we found
no relationship between the exam marks in chemical
engineering subject discipline courses and any of our
measures of problem-solving skills.

For program evaluation, the results from such published
tests as Basadur’s attitude toward ideation, Heppner’s mea-
sure of confidence in problem solving, and Billings-Moos’
measure of problem-solving performance and avoidance are
useful for pre- and post data about the effectiveness of
programs. We recommend that instruments be used, includ-
ing the items on exit surveys, where benchmark data are
available for comparable populations.
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