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Students’ Learning 
Problems to Solve

Some of the students 
• don’t have the baseline knowledge necessary to understand calculus,
• don’t use critical thinking in math, and 
• don’t know how to use the tools of scaffolding,
• don’t have a positive experience with collaboration and a good 

relationship with their professor.

Goals
I wanted
• to increase baseline knowledge,
• to emphasize the importance of critical thinking and scaffolding in math 

problem-solving,
• students to engage with one another so that they can deepen their 

understanding of principles and practices, 
• to build good relationships with students,
• to decrease the math anxiety of students,
• to enhance student understanding and success in the Calculus I course.

Strategies 

Apply the following pedagogical techniques more effectively

• baseline knowledge,
• critical thinking,
• scaffolding,
• collaboration.

Access the 
Success of the 

Strategies

I will make a survey asking the opinion of students about the
• skill-improvement,
• collaboration in problem-solving,
• relationship with the professor,
• learning environment,
• appreciation towards math,
• math anxiety,



It is essential to explain to students the importance of

• A strong Baseline Knowledge.
As Angela Duckworth [1] states, “Skill is not the same thing as an achievement. Without effort, your talent is 
nothing more than your unmet potential. Without effort, your skill is nothing more than what you could have 
done but didn’t. With effort, talent becomes a skill, and, at the very same time, effort makes skill 
productive.”

• Critical thinking “does involve breaking down information into parts and analyzing the parts in a logical, 
step-by-step manner… it also involves taking other information to make a judgment or formulate innovative 
solutions,” as The Peak Performance Center [2] summarizes. 

• Scaffolding. Paula Lombardi [4] lists different facilitative tools that “can be utilized in scaffolding student 
learning. Among them are: breaking the task into smaller, more manageable parts; using ‘think aloud 
or verbalizing thinking processes when completing a task; cooperative learning, which promotes teamwork 
and dialogue among peers; ….” 

• Collaboration. Elizabeth Barkley, Claire H. Major, [6], ”offer that students are actively learning when they

o Contribute their personal, individual perspective;
o Try to understand peer’s opinions;
o Use higher-order learning strategies; ….”

Strategies 



• Baseline Knowledge

I included in the homework assignments the 
“Essentials” assignments. These questions 
covered basic knowledge students should 
have acquired or make sure to learn. There 
were 4 Essentials during the semester. 

Implementation of the strategies

• Critical thinking

I shared with my students the ideas in The 
Miniature Guide to Critical Thinking Concepts 
and Tools [3].  I encouraged them to make 
their own versions of critical thinking questions 
and ideas and use them whenever they are 
stuck with a problem. In class, solving complex 
questions,  I referred to their ideas, 
demonstrating how those help in the process 
of problem-solving.



• Scaffolding

Jose Antonio Bowen [5] advises, “Create structure and scaffolding. Higher-numbered courses 
require more difficult thinking … Increase cognitive complexity with more self-directed work.” I 
encouraged students to break down the problems into more manageable parts ([4]) and do 
step-by-step solutions. During group work, they had a chance to ‘think aloud’ and discuss the 
problem with their team members [4]. 

Implementation of the strategies

• Collaboration

During classes, students worked together on math problems in groups. Teamwork and, after that, 
the presentation of a solution by a group are very beneficial in providing positive experiences 
regarding the importance of individual contributions to the solution of a problem. 

Students also had to accomplish a group research project with their team members during the 
semester. During the research project, they also experienced that everyone has an essential role 
in accomplishing the project [6].



Baseline Knowledge - Results of the “Essentials” assignments 

The average score of students who submitted these assignments was consistently above 94%. (Students 
missed only 3% of these assignments throughout the semester.) 

Implementation of the strategies – examples & results

Critical thinking – students’ critical thinking questions/ideas



Using critical thinking questions/ideas in class

Suppose that we want to send a box as checked-in luggage on an airplane. The base of the box is a square.

What is the shape of the largest volume box? (For domestic flights, the usual size limit is the following:

The sum of the three edges (length, width, and height) should be less than 62 inches.)

𝑥
𝑥

𝑉

𝑉 = (𝑥)(𝑥)(𝑧)

Six Steps in Solving Optimization Problems

1. Understand the Problem.

2. Draw a Diagram.

3. Introduce Notation for the Volume (V) to be Optimized.

4. Find an Expression for V.

5. Express V as a function of one variable.

6. Optimize; Find the Absolute Extrema. 

𝑥 + 𝑥 + 𝑧 ≤ 62 𝑖𝑛𝑐ℎ𝑒𝑠

𝑥 + 𝑥 + 𝑧 = 62
𝑧 = 62 − 2𝑥

𝑉(𝑥) = 𝑥2(62 − 2𝑥)

Using the Closed Interval Method, (see the step-by-step solution on the next slide) we 

find the maximum volume to be ≈ 8827 in3, when 𝑥 = 𝑧 =
62

3

Check your answer.

𝑧

2.

3.

4.

5.

6.

7.

Implementation of the strategies – examples & results



Using the Closed Interval Method to find the maximum with a step-by-step solution:

𝑉 𝑥 = 𝑥2 62 − 2𝑥 = −2𝑥3+ 62𝑥2,

Since we are looking for extrema of a function over a closed interval, we can use the Closed Interval Method

𝑥 ≥ 0 and 62 − 2𝑥 ≥ 0; 
so 0 ≤ 𝑥 ≤ 31

To find critical numbers,

1. 𝑉′ 𝑥 = −6𝑥2 + 124𝑥,

𝑉′ 𝑥 = 0, so 𝑥 = 0, and 𝑥 =
62

3
.

2.      𝑉(0) = 0, 𝑉(31) = 0

3.      max { 0, 
62

3

3
} =

62

3

3
≈ 8827 in3

𝑉
62

3
=

62

3

3
.

The shape of the largest volume box is a cube with edges

equal to
62

3
inches.

𝑥
𝑥

𝑧
𝑉

𝑉(𝑥) = 𝑥2(62 − 2𝑥)

Only is a critical number in (0, 31).𝑥 =
62

3

The Closed Interval Method. To find the absolute maximum and 

minimum values of a continuous function f on a closed interval [0, 31]:

1. Find the values of V at the critical numbers of f in (0, 31).

2. Find the values of V at the endpoints of the interval.

3. The largest of the values from Steps 1 and 2 is the absolute 

maximum value; the smallest of these values is the absolute 

minimum value.



Scaffolding - Examples of step-by-step solutions 

Implementation of the strategies – examples & results

Group-work in class: Solution at an exam:



Collaboration – Examples

Implementation of the strategies – examples & results

Group research project of a team

In-class group work



At the end of the semester, I made a survey asking  
Students’ opinions about

1) skill-Improvement,

2) collaboration in problem-solving, 

3) relationship with the professor,

4) learning environment,

5) appreciation towards math,

6) math anxiety 

Access the Success of the Strategies
2) 3)

4) 5)

6)



Skill-Improvement -

Skill-Improvement

My expectation was that 

these strategies positively 

affected students’ math skills 

and general skills. 

Regarding math skills, the 

average final percentage 

score of the class was 85%. 

There are seven general skills 

that more than half of the 

students felt that this class 

helped them to improve. 

Survey

What skills did this class help you to improve?



Collaboration in problem-solving 

The collaboration skills of students 

and their willingness to work 

together improved significantly. 

Most of my students think that 

collaboration is beneficial for them. 

One of my students told me that 

she appreciates that I take 

teamwork seriously.

Survey

How did your collaboration in problem-solving change in this class? 



Relationship with the professor
Survey Relationship with the professor

More than 2/3 of the students 

expressed that their relationship with 

the professor was very good, and 

an additional 19% considered it 

good.

How was your relationship with the professor? 



Learning environmentSurvey Learning environment

More than 2/3 of the students 

considered the learning 

environment excellent, and an 

additional 19% considered it 

good.

How did you like the learning environment in this class? 



Appreciation towards math

Survey
Appreciation towards math

A huge benefit of group work 

is that students don’t feel 

frustrated when they work 

together on a math problem. 

They gain positive experiences 

while doing math, and

understand that working on 

math problems with their peers 

is also fun.

Did this course have any effect on your appreciation for math?



0%       12%      25%         25%     38% 
Had math anxiety                                     Didn’t have   

Change in math anxiety when 
previously had anxiety 

Survey Math anxiety 

Students, who had no or 

limited anxiety, 

experienced some 

improvement or no 

change.

More than 80% of 

students who had 

anxiety experienced 

that their math anxiety 

was reduced.

No change    Reduced   Greatly reduced 

Did you have math anxiety previously? What effect did this course have on that?

63%

37%



The answer is definitely yes, since

• Baseline Knowledge

The scores on the “Essentials” assignments intended to measure students’ baseline knowledge were high, and 
students missed only 3% of these assignments.

• Critical thinking

Students who used critical thinking to solve the more difficult questions during exams achieved better results.

• Scaffolding

Looking through students’ exams, one could observe the causation between the effective usage of step-by-step 
solutions and better achievements.

• Collaboration

Students’ collaboration skills improved, and they considered collaboration beneficial.

The final average score of the class was 85%. It demonstrates that applying these strategies was very helpful in 
enhancing students’ understanding and success. 

Students’ engagement was essential while using these strategies.

Did the strategies work?
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It has been an honor to participate in the Scholarship of

Excellence in Teaching led by Joan M. Naake. I am

thankful for her thoughtful ideas and recommendations.

I am grateful to my SET colleagues, Atul, Carl, Elaine,

Elizabeth, Henry, Josian, Kelly, Kimberly, and Michael, for

the great discussions and their advice regarding

pedagogical practices. It has been a pleasure to work

with them.

Elizabeth Lugosi

Thank you for your attention 

☺
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