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Several years ago, our department conducted an experiment in which two sections of our college algebra/trigonometry course were taught stressing conceptual understanding/modeling while the other two were taught in the traditional algebraic drill-and–skill format with graphing calculators required for both.  Although placement was random, the students in the modeling sections had considerably lower scores on our placement test than those in traditional sections, so the “traditional” students actually had better algebraic skills to start with.

Our study compared student performance on 10 common questions on the final exams. Because some faculty felt it was unfair to give the traditional students problems emphasizing conceptual understanding or realistic applications, these questions were essentially algebraic, although this wasn’t a major focus of the modeling sections.  

Surprisingly, the modeling students outperformed the traditional students on 7 of these 10 questions.  The results on one question are particularly telling.  The students were given enrollment information on a college two years apart and were asked, among other things, to write a linear function giving enrollment as a function of the year, several predictive questions, and to Explain, using an English sentence, the meaning of the slope. 

Almost every modeling student gave a response demonstrating an understanding of slope.  Some typical responses (including several erroneous answers) are:    
Every year, enrollment increases by 78 students.

The yearly increase of enrollment is 78 per year.

The enrollment increases by 78 students every year.

Every t year it will increase by that #.

The slope is the growth in enrollment.

The enrollment of students goes by 2/15 x a year

The slope is the amount of students that enroll per year.

Every year student population increases by 78 students.

The population of students increases by 78 every 2 years.

The enrollment increases 78 students every one years.

The yearly increasing in students enrollment is 78.

It means that the number of students enrolling per year is 78.

Yearly increases in students enrollment is 78 every year.

Every year there will be an increase of 78 students.

Slope is the increase in the # of enrolled students per year at Brookville college.

This means that for every year the number of students increases by 78.

The slope means that for every additional year the number of students increase by 78.

For every year that passes, the student number enrolled increases 78 on the previous year.

As each year goes by, the # of enrolled students goes up by 78.

This means that every year the number of enrolled students goes up by 78 students.

Number of students enrolled increases by 78 each year.     

Student enrollment increases by an average of 78 per year.

For every year that goes by, enrollment raises by 78 students.

That means every year the # of students enrolled increases by 2,780 students. 

For every year that passes there will be 78 more students enrolled at Brookville college.

The slope means that every year, the enrollment of students increases by 78 people.

Brookville college enrolled students increasing by 0.06127.

Every two years that passes the number of students which is increasing the enrollment     into Brookville College is 156.   

This means that the college will enroll  .0128  more students each year.

In contrast, only about one-third of the traditional students could provide a meaningful answer.  Another third either skipped the question or rephrased the formula for (y/(x into words. Some typical responses are 

The slope indicates the average increase per yr.

The difference in ADVANCE \d 9

ADVANCE \u 9(y2 – y1)/ ADVANCE \d 9

ADVANCE \u 9(x2 – x1)

Every year there is an increase of 78 students.


Slope would be a constant increase or decreasing of a line.  So if you would enroll 1 person a year the constant would be one and so would the slope.

Enrollments per year.

The slope is the amount of the new students the school gets each year.

The point in which the # of students is increasing.

The meaning of the slope is the amount that is gained in years and students in a given   
amount of time. 

The ratio of students to the number of years. 

Since it is positive it increases.


On a graph, for every point you move to the right on the x-axis.  You move up 78 points on the y-axis.

The slope in this equation means the students enrolled in 1996.  Y = MX + B .

The amount of students that enroll within a period of time.

Every year the enrollment increases by 78 students.


The slope here is 78 which means for each unit of time, (1 year) there are 78 more students enrolled. 

This is the rise in the number of students.


The slope is the average amount of years it takes to get 156 more students enrolled in the school.

Its how many times a year it increases.


The slope is the increase of students per year.

Both groups had comparable ability to calculate the slope (several in both groups calculated ∆x/∆y).  What is more valuable is the ability to understand what the slope means in context, whether that context arises in one of their other math courses or courses in other disciplines.  Unless explicit attention is devoted to emphasizing the conceptual understanding of what the slope means, the majority of students are unable to create viable interpretations on their own.  And, without that understanding, they likely can’t apply the mathematics to realistic situations.  

Many of us have heard complaints from colleagues in other disciplines about students seemingly not having learned key mathematical ideas, often the equation of a line.  Too many math courses stress the manipulative technique for finding the equation without emphasizing the underlying conceptual understanding or realistic contexts in which such problems arise.  In other disciplines, linear functions do not arise as:  Find the equation of the line through (1,3) and (5,11).  Instead, one has data on two quantities that follows a roughly linear pattern and has to find (and use) a line that fits the data.  If students have as much difficulty understanding the slope, it is no wonder they can’t connect what they learn in math classes to what they see in other courses.

Moreover, if students can’t make their own connections with a concept as simple as the slope (which they undoubtedly encountered in previous math courses), they can’t create meaningful interpretations and connections for more sophisticated concepts, such as the significance of the base (growth or decay factor) in an exponential function, the power in a power function, or the parameters in a sinusoidal model.  
Based on our study, we cannot simply concentrate on teaching mathematical techniques.  It is just as important to stress conceptual understanding and the meaning of the mathematics.  This can and should be accomplished by using realistic examples and problems and by forcing the students to think, not just to manipulate symbols.  If we don’t, we won’t adequately prepare them for successive mathematics courses, for courses in other disciplines, and for using mathematics on the job and throughout their lives.

