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As problem solving becomes a 
greater part of mathematics education 
in Alberta schools, its overall com
plexity will increase. Rather than 
giving students instruction about sin
gle problems that have single answers, 
they will be provided with complex 
problems that require a more complete 
effort to solve. Here is an example 
of a complex problem. 

Consider 12. It has four numbers 
less than it that only have a fac
tor of one in common with 12 (11, 
seven, five, and one). These are 
called monodivisors of 12. 
Similarly, six has two monodivi
sors (five and 1). Investigate 
the number of monodivisors for 
different numbers. 

The above problem is taken from 
some British "O" level investigations. 
It is obvious that a student's comple
tion of this problem will require 
greater effort than more traditional 
problems. After students are finished 
answering complex problems, the teach
er is left with the difficult task of 
evaluating the student's work. The 
amount and type of work accomplished 
throughout the problem-solving process 
needs to be acknowledged and recorded. 
The student's work will vary in the 
type of solution and level of comple
t ion. This type of problem requires a 
"holistic" approach to evaluation. In 
this article, an Impressionistic Scor
ing Criteria scheme will be presented, 
which will give educators a valid ba
s is for problem-solving evaluation. 

Problem Complexity 

A better understanding of problem
solving evaluation can be developed if 
there is an appreciation of how prob
lems vary in complexity. Relative 
measurement of complexity can be done 
using six factors. These factors are : 

1. stage implementation 
2. stage depth 
3. strategy implementation 
4. strategy depth 
5. open-endedness 
6. duration 

Stage implementation refers to 
the number of stages the student is 
required to execute for the successful 
completion of a problem. Alberta Edu
cation suggests a framework of four 
stages. These are: 

- understanding the problem 
- developing a plan 
- carrying out the plan 
- looking back 

Complex problems usually use four 
stages. Less complex problems use 
one, two, or three of the stages. 

Stage depth refers to the degree 
w ith which each stage of the four
stage framework is implemented for the 
successful completion of a problem. 
Complex problems require that stages 
be fully implemented. Less complex 
problems require only partial imple
mentation of a stage. 

Strategy implementation refers 
to the number of strategies that can 
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be or must be used to success full y  
complete a problem. Some examples of 
strategies as outl ined in Alberta Edu
cation documents include: 

- l ooking for patterns 
- identifying key words 
- using a simpler problem 
- app lying patterns 
- looking for alternative ways to 

solve the problem 
- making diagrams and models 

Comp lex problems tend to have more 
possible strategies or require the im
p lementation of more than one strategy 
for their successful completion. Less 
complex problems use fewer strategies 
( usually  one). 

Strategy depth refers to the de
gree of imp lementation of the strategy 
such that the problem is completed. 
More complex problems have higher de
grees of strategy implementation than 
less comp lex problems. 

Open-endedness has primary ap
p lication to the "looking back" stage 
of the problem-solving framework. If 
the comp letion of a problem leads to 
the exploration of many facets of that 
problem or problems like it, then the 
problem is said to be open-ended. 
Complex problems tend to be more open
ended than less complex problems. 

Duration refers to the amount of 
time and ef fort required to complete a 
problem. Complex problems have higher 
duration levels than less complex 
problems. 

Comp lex problems have high levels  
of  stage implementation, stage depth, 
strategy implementation, strategy 
depth, open-endedness, and duration. 
Complex problems have an inherent 
"creative" aspect to them, which al
l ows students to explore problems 
rather than just find right answers. 
This creative element of mathematics 
motivates and inspires teachers and 
students. The inclusion of problem 
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solving (especially open-ended comp lex 
problems) in the mathematics curricu
lum can enhance the environment for 
creative learning in the mathematics 
classroom. 

Evaluation of Problem Solving 

The evaluation of complex problems 
requires a dif ferent approach than 
trad itional right-answer or part-mark 
approaches. Ideal ly, recording a stu
dent's performance and behavior during 
a complex problem-solving session 
would give a teacher the best data for 
making accurate and objective evalua
tions. However, the logistics and 
t ime required for such an evaluation 
technique is limited by the time 
needed to observe and interact with 
each student. There are two possible 
solutions: (1) use an instrument that 
records objective and observable stu
dent behavior data quickly and eff i
ciently, or (2) evaluate the written 
work and make inferences about the 
student's ability at completing each 
complex problem. An Impressionistic 
Scoring Criteria scheme assists the 
teacher in evaluation of student be
havior and written material. 

The Impressionistic Scoring Crite
ria scheme, developed by the writer 
and outlined on page 26, was borrowed 
heavily from a scheme previousl y  <le
vel oped by Dr. Terry Ru snack and the 
writer for evaluating process skil ls 
in science. It rates students on a 
scale that is linked to observable 
student behaviors. The teacher uses 
it in checklist fashion. It looks at 

he complete problem-solving process 
r ather than at just evaluating stu
dents on the correctness of their 
answers. 

The criteria were developed in 
four categories: 

1. problem-solving stages 
2. strategies 
3. solution, and 
4. participation. 



These categories can be changed to fit 
various teaching situations . All of 
them can be used at once, or they can 
be used individually .  In addition, 
they are not exhaustive, and educators 
could easily develop other categories . 

In using the scheme for observable 
student behavior, a teacher could cir
culate around the room and record data 
as students do their work. Also, it 
is sufficiently flexible that teachers 
could use it to evaluate students' 
written solutions . 

Teachers who have used it have re
ported that it is quick and accurate. 
In addition, these teachers have re
ported an increased understanding of 
problem solving because they had been 
forced to look at the complexity of 
student behavior in solving these 
problems .  They have found there is 
more to problem solving than just 
finding solutions . 

In conclusion, complex problems 
require more involvement from teachers 
so that students will receive fair and 
just evaluation . The Impressionistic 
Scoring Criteria scheme can assist 
teachers with evaluating student solu
tions to complex problems. 

Hank BoeP is CooPdinatoP of Mathemat
ics and Science, LethbPidge School 
DistPict No. 51 . CUPPently, MP . BoeP 
is pPesident of the South West Region
al, MCATA . 

EDITORS ' NOTE: Readers may be inter
ested to compare the Impressionistic 
Scoring Criteria scheme presented in 
this article with the Mathematics 
Problem-Solving Behavior Scale dis
tributed by Alberta Education . This 
rating scale is provided on page 27. 
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N °' 

5 

4 

3 

2 

1 

Problem-Solving 
Steps 

made an effort using 
four of the s teps 

made an e f f ort using 
three of the steps 

made an e f f ort us ing 
two of the steps  

made an e f fort using 
one of the steps 

Excused Absence 

COMMENTS : 

Impressionistic Scoring Criteria 

Strategies ( ? ) Solution Participat ion 

has cons ide rab le dep t h  - comple t e  - i nvolves oneself  
and expertise in  us ing - correct solut ion quick ly 
the strategy - used more than one strategy 

- manipulated the problem and 
solut ion 

has expert ise in using - complete  - needs a s tart 
the strategy - correct solution 

- used more t han one s t rategy 
or  manipulated the problem 

has some expertise i n  - somewhat complete  - needs periodic  
using the strategy - correct solut ion as s i s t ance 

needs to develop exper- - incomplete  - needs constant 
t ise in the strateg y  - has errors attention 

Excused Absence Excused Absence Excused Absence 

COMMENTS : COMMENTS : COMME NTS : 



Mathematics Problem-Solving Behavior 
Rating Scale 

1 .  CIRCLE the number> indicating your> roting for> each of the four> indicator>s, 
based on the defined obser>vabie behavior>s. 

2 .  Add the cir>cled number>s to detemine the scor>e. 

Understanding the Problem 

- Asks the questions to clarify the problem 
- States relevant facts in the problem 
- Perceives implied relationships 

Devising a Plan 

- Summarizes data by making a table, graph, 
or diagram 

- Develops approaches ( looks for patterns, 
works backwards, makes predictions and 
verifies , decomposes problem into parts) 

- Recalls related problems previously solved 
- Estimates solution 

Carrying Out the Plan 

- Uses a table or diagram to arrive at 
solution 

- Applies a formula 
- Performs computation required for solution 
- Decides where to begin 
- Switches strategy when it is no longer 

applicable 

Looking Back 

- Describes strategy used in solving the 
problem 

- Verifies that solution satisfies 
conditions of the problem 

- Looks for alternative ways to solve the 
problem 

- Creates applications or related story 
problems 

Observed to a 
High Degree 

5 4 

Observed to a 
High Degree 

5 4 

Observed to a 
High Degree 

3 

3 

5 4 3 

Observed to a 
High Degree 

5 4 3 

Not 
Exhibited 

2 l 

Not 
Exhibited 

2 1 

Not 
Exhibited 

2 1 

Not 
Exhibited 

2 l 

SCORE : 
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