
Problem solving gives students practice at applying the 
knowledge of course content and concepts, developing 
analysis and solution processes, growing in awareness of 
their processes and decision making, and transferring 
processes from one problem into new problems. Gen-
eral strategies can make your course more conducive to 
teaching problem solving skills. For example, you can 
integrate content with application in ways that will re-
quire students to use particular reasoning skills and that 
will facilitate students developing awareness of their own 
thinking processes.

Experts have a wealth of both content knowledge and 
application experience to draw from, and have developed 
processes, including mental models and efficiencies, for 
drawing upon this expertise when doing analysis and 
making decisions. In contrast, students are in the process 
of learning both the course content, and appropriate  
applications of this content knowledge, and have limit-
ed experience to refer to in their approaches to solving 
problems.  

Some challenges students may face in problem solving 
include:
• having gaps or misconceptions in their understand-

ing of course topics 
• becoming overwhelmed and struggling with the need 

to simultaneously acquire and apply concepts
• lacking self confidence in understanding or applying 

the content 
• missing general mental models of analysis or solution 

strategies that apply beyond isolated problems

Selected teaching and assign-
ment strategies
Classroom and assignment practices that make problem 
solving processes more evident give more opportunity for 
students to be aware of analyzing problems and strategies 
to approach problems.

Help students become more aware of problem-solving 
processes: The term Cognitive Apprenticeship draws 
from ideas in traditional apprenticeships in which an 
apprentice learns to perform tasks under the guidance of 
an expert, by observing, practicing, and receiving feed-
back through professional tasks in a workplace setting. 
In cognitive apprenticeship, thinking is made visible, 
by both the instructors and students. As thought pro-
cesses are brought out into the open, the students can 

Guiding Students’ Problem Solving
learn to analyze and solve problems through observa-
tion and practice, while receiving feedback. Aspects of 
cognitive apprenticeship approaches include modeling 
or demonstrating performing a cognitive task, coaching 
the student as they learn and practice the task, scaffold-
ing with initial guidance that is lessened as the student 
progresses and works more independently, reflecting by 
comparing students and experts’ processes, and exploring 
by encouraging students to work toward their own goals 
or subgoals in a task. (Collins, Brown, Holum, 1991 ; 
Kurfiss, 1988)

Model your own thinking and problem solving 
processes:  Experts apply a variety of mental processes 
to their problem-solving approaches, for example con-
sidering the context of the problem, general principles or 
guidelines, similarities with other problems, alternative 
methods of solution methods, and constraints. Novices 
may approach a solution based on the characteristics of 
the individual problem, and not make connections to the 
general practices applicable to multiple problems. 
An expert modeling their process can expose their ways 
of thinking while solving problems, including why they 
are making the choices they do. This modeling will help 
guide students into awareness and application of these 
processes and into awareness of their own thinking 
methods.

Ask students to explain problems in writing - with or 
without solving:  Asking students to articulate a prob-
lem solving process encourages them to be more aware 
of problem solving as a process, rather than just a way 
to come up with the correct answer, and can make the 
students thinking visible to the instructor. A challenge to 
this method may be in the amount of work it will take 
the instructor to assess and provide feedback. Variations 
in feedback range from using discussion section time 
to review and discuss processes, to providing credit for 
completion of all responses and detailed feedback on 
randomly sampled responses.

Problem-solving postmortem analyses:  Following 
an instructor modeling a problem-solving process, the 
instructor recounts their process for a problem they’ve 
solved, how they applied the process, decision points, 
uses of background knowledge, and what aspects of the 
process are more broadly applicable to other problems. 
Instructor problem-solving can be alternated with a 
student recounting their problem solving process and 
strategies. (Collins, Brown, Holum, 1991)

Summarized and adapted primarily from:  Hodges, “Teaching Undergraduate Science” 



Students analyze problems in pairs:  One student reads 
and explains a problem aloud, while the other student 
acts as a ‘checker.’ The ‘solver’ student goes through a 
step by step process of analyzing the problem, and their  
solution process. The ‘checker’ prompts the ‘solver’ to 
clarify the problem, including their thought processes 
in solving, and points out if mistakes are made. At a 
simplest level, the ‘checker’ can help find mistakes in 
the ‘solver’’s reading and basic understanding of the 
problem, and a good ‘checker’ can prompt the solver to 
become more aware of their thought processes and what 
they are thinking during the steps of solving.

Students work challenging problems in class in 
groups:  Small group problem solving can be an effective 
way for students to develop and retain problem solving 
skills, as well as to develop awareness and confidence in 
their problem solving processes. This strategy would take 
time to develop initially and to implement during class, 
but research studies in the sciences show demonstra-
ble positive impacts on student learning and retention 
through group learning.
Some of the effort required to develop and use this strat-
egy includes the selection of problems that benefit from 
a group process, and the social management of group 
formation and interaction. Two examples of success 
factors are 1) to choose a problem that is challenging 
enough to require a team effort, and 2) to encourage stu-
dent processes that involve sharing their thinking with 
one another. 

Provide worked examples:  A worked example is a 
problem with partial or complete solutions, which might 
or might not include an explanation of the process. 
Providing steps in the problem solving, and gradually 
reducing the amount of guidance helps the students 
progress toward mastery of the process without being 
overwhelmed by having to apply all of the steps at once.  
An effective practice for using worked examples, for 
students new to learning a problem-solving process, is to 
study worked examples before working on solving new, 
similar problems.

Mix up problems:  If your course’s problem-solving 
topics are divided into types, and progress in a linear 
order, students may develop an unfortunate approach 
of seeing problems as divided into limited contexts. The 
book chapters and lectures provide the contexts and the 
procedures to solve the current problems, and students 
may limit their use of a given problem-solving technique 
to problems in just that one context. Including problems 
from earlier in the course into current assignments gives 
students an opportunity (before an exam) to remember 

and apply what they learned earlier, outside of the current 
learning context, and to see both the wider applicability 
of problem solving strategies and the need to think about 
choosing what strategy to use.

Use problems that can be done online:   Online, au-
to-graded quizzes may be effective at assessing both basic 
content knowledge and aspects of applying conceptual 
understanding to new problems, such as making pre-
dictions or identifying causes for new situations. More 
sophisticated and more complex forms of online problem 
solving can be available through technology that can 
adapt the content and assessments shown to a student 
based on their responses, providing more personalized 
practice and feedback. Currently, these ‘adaptive learning’ 
environments are not widely available, but they may be 
found in selected science and engineering fields.

Cases:  Case studies provide students with a realistic 
situation in which there is a problem or challenge that 
may not have a ‘right’ solution. Students work to analyze 
the situation and relevant information, critically think 
through options, and propose a thoughtful response. 
Ideally, the case problems provide the students a realistic 
motivation to pull from their knowledge of content and 
processes and apply what they’ve learned.  A common 
type of case study includes having students assuming the 
role of a professional member of the case’s situation and 
proposing their response based on the viewpoint of that 
role. 
Students’ engagement with case studies can be enhanced 
through web-based delivery, which allows increased 
realism and immersion through augmenting the text with 
images and multimedia, interactivity, and application and 
practice through decision making and feedback.
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