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Only 14% of teachers were able to create a task at level 3. One participant constructed the 

following task “what is the maximum area of a rectangle if the perimeter is 20” and explained 

that it was a level 3 task because “it requires to use prior knowledge of area and perimeter.” 

Another participant wrote, “Use fraction bars to show how proportions are ‘fractional parts’” and 

explained that “it shows the students the process and the reasoning” The following task was rated 

a level 2 task when the participant intended to write a level 3 task. “Find the amount needed to 

double or triple a recipe.” Another example of a level 2 task that was intended as a level 3 task is 

the following, “a can of pineapple costs $2.00 how many cans are you able to buy with $10.00.” 

Figure 4.13 also shows another example of a task that is intended as a level 3 but is only 

procedural. Even though it is using similar figures, there is only one value missing, so all it needs 

is to set up a proportion and solve for x. The reasoning was that it “connects real world problem 

to solving proportions. Finally, only five teachers left this part unanswered.  

 

Figure 4.13 Example of construction of a level 2 task intended as level 3 

Only 2% successfully created a task at level 4. One participant wrote the following task: 

“is it possible the area and perimeter to be the same?” and said that it is a level 4 task because it 

requires using higher order thinking. 15 teachers created a task that was considered to be a level 

2 such as “apples are sold at 2 lb. for $5. How many lbs. of apples can be bought with $25?” 

while 2 teachers left this question blank.   



 89 

Table 4.4 shows a summary of strategies used by teachers in the solution and 

construction part of the survey. To solve the task a level 1 the majority of teachers (97%) wrote 

the formula. To solve the task at level 2, the majority of teachers used long division (10%), used 

a proportion (13%), just wrote the answer (53%), or provided a written response (13%). The ones 

that did not solve it had an arithmetic mistake (8%) or provided no answer (3%). To solve the 

task at level 3, the majority of teachers computed the rates separately (53%). The ones that did 

not solve it correctly either used a wrong operation (19%) said that it was a tie (8%), or did not 

provide an answer (10%). The majority (61%) provided no answer for the solution of the task at 

level 4. Teachers that constructed a task at level 1 created a task about writing a definition (23%) 

or a formula (28%). The vast majority of teachers constructed a task at level 2 about solving for 

x (88%). In the construction of a task at level 3, the vast majority wrote a task a level 2 instead 

(71%). Similarly, in the construction of a task at level 4, the majority created a task at level 2 

(66%).  

Table 4.4: Summary of strategies used by teachers in the solution and construction part of the 
survey 

 Strategy % of  
teachers 

Examples 

Solution 
level 1 

Formula 97% r=d/t 
Written 
explanation 

3% “Distance is equal to rate*time therefore if I solve for r 
I obtain the formula for rate r=d/t.” 

Solution 
level 2 

Long division 10% 

 
Proportion 13% 

 
Just answer 53% 30/4 
Written response, 
no operation 

13% “divide total distance by time 7.5.” 

Arithmetic 8% 30m/4sec, 15m/s 
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mistake 
No answer 3%  

Solution 
level 3 

Separate 
operations 

53% 

 
No operation 10% “Turtle, the total time it takes turtle to finish at these 

rates is less than the total time of rabbit.” 
Wrong operation 19% 

 
Tie 8% “Tie, average is the same” 
No answer 10%  

Solution 
level 4 

Rabbit speed 
constant  

39% “Rabbit would win if he has a constant rate of change.” 

No answer 61%  
Construction 
level 1 

Definition 23% “Write the definition for proportion.” 
Formula 28% “Write the equation for direct variation.” 
Set up a 
proportion 

6% “Which ratio is equivalent to 2/4?” 

Level 2 43% “Solve for x, x/5=10/25” 
Construction 
level 2 

Solve for x 88% “Solve for the following x value, x/5=10/25.” 
Word problem 8% “If Bob hits 50% of the balls, how many will he hit out 

of 70%.” 
No answer 4%  

Construction 
level 3 

Similarity 4% “Find the missing values; the triangles are similar.” 
Proportions 11% “Show students how proportions ‘are fractional parts’” 
Level 2 71% “If one dozen eggs make 72 cupcakes, how many eggs 

are needed to make 120 cupcakes?”  
No answer 14%  

Construction 
level 4 

Derive formula 31% “Develop a formula for proportion.” 
Level 2 66% “If y varies directly with x, find the value of k when 

x=2, y=10.” 
No answer 3%  

 

4.2 CORRELATION RESULTS 

Research Question 2: Are there relationships among teachers’ ability to recognize, solve, 

construct, and implement tasks at different levels of cognitive demand? 

In this section, the correlation analysis from the survey responses is shown. A series of 

correlation analysis were conducted for the pilot study and the main study to address the second 

question of this study. Each result is shown next, separated by the pilot and the main study. 
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I was interested in examining if there was a relationship between the teacher’s ability to 

recognize, solve, construct, and implement tasks at different levels of cognitive demand. 

Recognition, solution, and construction were based on the teacher’s responses from the cognitive 

demand survey, and the implementation part was based on the level of cognitive demand used 

when the class was observed. In this case, a chi-square test as a correlational probe was 

conducted. According to Huck (2004), this type of test is used when “the researcher is interested 

in whether a nonchange relationship exists between two nominal variables” (p. 468). The data 

was arranged into contingency tables, and then a chi-square test was used to determine whether 

there was a statistically significant relationship between two variables in each case.   

The following two tables (Tables 4.5 and 4.6) show the values of the chi-square statistics 

(χ2) and the p-value. At an alpha level of .05, some variables were significant. From the pilot 

study, recognizing a task at level 2 was related to the recognition at level 3 (χ2=3.81, p-value= 

.051). In other words, those who correctly identified the task at level 2 were more likely to 

recognize the task at level 3. Another two variables that were significantly related were 

recognition at level 3 and recognition at level 4 (χ2=3.81, p-value= .051). The majority of those 

who had challenges recognizing the task at level 3 also had challenges recognizing the task at 

level 4. Recognizing a task at level 3 was also related to solving a task at level 3 (χ2=5.05, p-

value= .025). Thus, teachers who correctly recognized the task at level 3 were more likely to 

solve a task at level 3. Recognizing a task at level 4 was also related to being able to construct a 

task at level 2. Constructing a task at level 2 was significantly related to implementation at level 

3 (χ2=4.13, p-value= .042). However, this correlation was negative, in other words, those who 

were able to construct a task at level 2 did not implement a task at level 3. Constructing a task at 

level 3 was related to implementing a task at level 2 (χ2=6.71, p-value= .010). Thus the ones that 
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were able to construct a task at level 3 had fewer challenges implementing a task at level 2. 

Finally, implementing a task at level 2 was significantly related to implementing a task at level 3 

(χ2=4.61, p-value= .032). This relationship was also negative. Therefore if they implemented a 

task at level 2, they had more challenges implementing a task at level 3.  

For the main study recognition of a task at level 1 was related to recognition of a task at 

level 2 (χ2=5.29, p-value= .021). Then, teachers from the main study that correctly recognized a 

task at level 1 were more likely to recognize a task at level 2. Recognizing a task at level 3 was 

related to recognition of a task at level 4 (χ2=4.20, p-value= .040) and constructing a task at level 

3 (χ2=7.56, p-value= .006). The majority of the teachers that had challenges recognizing a task at 

level 3 also had challenges recognizing a task at level 4. The correlation between recognizing a 

task at level 3 and constructing a task at level 3 was negative. Thus those who were able to 

recognize a task at level 3 had difficulty constructing a task at level 3. Being able to recognize a 

task at level 4 was also related to the solution of a task at level 2 (χ2=9.52, p-value= .002) and 

construction of a task at level 2 (χ2=4.12, p-value= .042). Teachers that were able to recognize 

the task at level 4 were more likely to solve a task at level 2 and construct a task at level 2. 

Teachers that solved a task at level 2 were more likely to construct a task at level 2 (χ2=7.98, p-

value= .005). The majority of those who incorrectly solved a task at level 2 also had challenges 

constructing a task at level 2.  

Table 4.5: Correlations of the pilot study 

 R1 R2 R3 R4 S1 S2 S3 S4 C1 C2 C3 C4 CD1 CD2 CD3 CD4 

R1 1                

R2 .019 
.891 

1               

R3 .392 
.531 

3.81 
.051 

1              
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R4 .019 
.891 

.726 

.394 
3.81 
.051 

1             

S1 .098 
.754 

.060 

.806 
.050 
.823 

.060 

.806 
1            

S2 .186 
.666 

.451 

.502 
1.05 
.305 

.451 

.502 
.263 
.608 

1           

S3 .194 
.660 

1.63 
.202 

5.05 
.025 

1.62 
.202 

.051 

.821 
.861 
.353 

1          

S4 .098 
.754 

.060 

.806 
.050 
.823 

.060 

.806 
.013 
.909 

.263 

.608 
.051 
.821 

1         

C1 .186 
.666 

.451 

.502 
1.05 
.305 

.451 

.502 
.263 
.608 

.055 

.814 
1.28 
.257 

.263 

.608 
1        

C2 2.13 
.144 

.952 

.329 
2.22 
.136 

5.18 
.023 

.139 

.709 
.117 
.732 

.022 

.881 
.139 
.709 

.117 

.732 
1       

C3 2.35 
.125 

2.54 
.111 

.833 

.361 
1.94 
.163 

.052 

.819 
.702 
.402 

.135 

.714 
.052 
.819 

.702 

.402 
1.48 
.224 

1      

C4 .019 
.891 

.045 

.831 
.952 
.329 

1.63 
.201 

.060 

.806 
.451 
.502 

.087 

.769 
.060 
.806 

2.46 
.117 

.423 

.515 
1.94 
.163 

1     

CD1 4.80 
.028 

.952 

.329 
1.25 
.264 

.952 

.329 
.079 
.778 

.263 

.608 
.051 
.822 

.078 

.780 
.263 
.608 

.556 

.456 
3.33 
.068 

.060 

.807 
1    

CD2 1.51 
.219 

1.63 
.201 

.000 
1.00 

.726 

.394 
.079 
.778 

.451 

.502 
1.63 
.202 

.078 

.780 
2.46 
.117 

.952 

.329 
6.71 
.010 

.045 

.831 
2.14 
.143 

1   

CD3 .004 
.948 

1.27 
.260 

.220 

.639 
.848 
.357 

.055 

.814 
.567 
.452 

.020 

.888 
.055 
.814 

.567 

.452 
4.13 
.042 

.037 

.848 
.010 
.919 

2.69 
.101 

4.61 
.032 

1  

CD4 .623 
.430 

1.51 
.219 

3.53 
.060 

1.51 
.219 

.098 

.754 
5.96 
.015 

2.89 
.089 

.098 

.754 
.186 
.666 

.392 

.531 
2.35 
.125 

.019 

.891 
.882 
.348 

1.51 
.219 

1.90 
.168 

1 

 

 

 

Table 4.6: Correlations of the main study 

 R1 R2 R3 R4 S1 S2 S3 S4 C1 C2 C3 C4 CD1 CD2 CD3 CD4 

R1 1                

R2 5.29 
.021 

1               

R3 1.31 
.252 

2.39 
.122 

1              

R4 .023 
.881 

7.68 
.006 

4.20 
.040 

1             

S1 .034 
.854 

.028 

.867 
.034 
.854 

.044 

.833 
1            

S2 1.29 
.255 

2.36 
.124 

1.29 
.255 

9.52 
.002 

.070 

.791 
1           

S3 5.79 
.027 

.354 

.552 
2.79 
.095 

.329 

.566 
.026 
.872 

1.37 
.242 

1          
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S4 .034 
.854 

.028 

.867 
.034 
.854 

.044 

.833 
.007 
.933 

.070 

.791 
.026 
.872 

1         

C1 .135 
.714 

.798 

.372 
1.81 
.179 

1.35 
.246 

.037 

.847 
1.39 
.238 

1.58 
.208 

.037 

.847 
1        

C2 .412 
.521 

1.37 
.241 

2.57 
.109 

4.12 
.042 

.257 

.612 
7.98 
.005 

1.09 
.296 

.257 

.612 
2.97 
.085 

1       

C3 .210 
.647 

.700 

.403 
7.56 
.006 

1.46 
.227 

.058 

.809 
.753 
.386 

.172 

.679 
.058 
.809 

2.02 
.155 

.172 

.679 
1      

C4 .477 
.490 

.044 

.833 
.477 
.490 

1.19 
.275 

.033 

.855 
.087 
.769 

16.9 
.000 

.033 

.856 
.020 
.886 

2.25 
.134 

.199 

.656 
1     

CD1 .356 
.551 

3.20 
.074 

1.78 
.182 

3.20 
.074 

.083 

.773 
.762 
.383 

.097 

.755 
.083 
.773 

.000 
1.00 

3.20 
.074 

.762 

.383 
.356 
.551 

1    

CD2 .356 
.551 

.356 

.551 
1.78 
.182 

.356 

.551 
.083 
.773 

.762 

.383 
.097 
.755 

.083 

.773 
.000 
1.00 

.356 

.551 
.762 
.383 

.356 

.551 
1.78 
.182 

1   

CD3 .640 
.424 

1.78 
.182 

.356 

.551 
.640 
.424 

.067 

.796 
.152 
.696 

.019 

.889 
.067 
.796 

.356 

.551 
.640 
.424 

.152 

.696 
.640 
.424 

3.20 
.074 

.762 

.383 
1  

CD4 .152 
.696 

.152 

.696 
.762 
.383 

.152 

.696 
.143 
.705 

.327 

.568 
.374 
.541 

.143 

.705 
.762 
.383 

.152 

.696 
.327 
.568 

.152 

.696 
3.20 
.074 

.762 

.383 
1.37 
.242 

1 

4.3 INTERVIEW RESULTS 

Research Question 3: What are secondary mathematics and science teachers’ challenges 

in recognizing, solving, constructing, and implementing CDTs?  

In this section, the results related to the third research question are shown. First, it shows 

all the information of the teachers that were interviewed. Then, the results are separated into 

categories based on the teachers’ narratives.  

In order to address this research question, 13 teachers were interviewed. Five teachers 

were interviewed from the pilot study, and eight teachers were interviewed for the main study. 

Table 4.5 shows the demographic information of those teachers that were interviewed. The first 

five are from the pilot study (Mathew, Gina, Marco, Damian, and Anna). The following eight 

teachers were part of the main study (Isabel, Dylan, Jessica, Megan, Monica, Mayra, Cesar, and 

Derek). The vast majority of the teachers that were interviewed were Hispanic (77%) while only 

three teachers (23%) reported their race as white non-Hispanic. All were teaching at a public 

school in an urban district at the time of the study. The experience years among those who were 
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interviewed ranged from half a year to twelve years. Two of them were teaching a 9th-grade 

science course while the rest were teaching a secondary mathematics course ranging from 7th 

grade to 9th-grade mathematics. One teacher was teacher 5th-grade mathematics and science.  

Table 4.5: Demographic information of interviewed teachers 

Participant 
pseudonym 

Race 	   Type 
of 
school 

Type of 
school 
district	  

Experience 
years 	  

Subject 	  

Mathew	  
White, non-
Hispanic	   Public	   Urban	   4	   8th-grade math 	  

Gina	   Hispanic	   Public	   Urban	   6	  
5th-grade math and 
science	  

Marco Hispanic	   Public	   Urban	   5	   8th-grade math	  
Damian Hispanic	   Public	   Urban	   12	   8th-grade math 	  
Anna Hispanic	   Public	   Urban	   1	   7th-grade math	  
Isabel Hispanic	   Public	   Urban	   11	   8th-grade math 	  

Dylan 
White non-
Hispanic	   Public	   Urban	   13	   8th-grade math 	  

Jessica 
White non-
Hispanic	   Public	   Urban	   3	   9th-grade science 	  

Megan Hispanic	   Public	   Urban	   1.5	   9th-grade math	  
Monica Hispanic	   Public	   Urban	   5	   9th-grade math	  

Mayra 
White non-
Hispanic	   Public	   Urban	   3	   9th-grade science  	  

Cesar Hispanic	   Public	   Urban	   1	   9th-grade math	  
Derek Hispanic	   Public	   Urban	   0.5	   9th-grade math	  

Table 4.6 has the answers of the recognition part of the survey for the interviewed 

teachers. Three teachers correctly recognize 1 task out of the 4 given; one of them correctly 

identified the task at level 1 while the other two correctly identified the task at level 4. Four 

teachers correctly identified 2 of the tasks in the recognition part of the survey where all four of 

these teachers correctly identified the task at level 1 and 4. One participant correctly identified 

three of the tasks with only incorrectly identifying the task at level 1 (he wrote level 2 for this 

task). Five teachers correctly recognize all the four tasks. Thus based on these responses five 

teachers were considered high in the recognition survey (Damian, Anna, Jessica, Megan, and 
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Monica) because they responded correctly to all the tasks. Five teachers were considered 

medium (Mathew, Marco, Isabel, Dylan, and Mayra) because they either got two or three correct 

answers. Three teachers were considered low (Gina, Cesar, and Derek) because they only got 

one correct answer in the recognition part of the survey.  

Table 4.6: Recognition answers of interviewed teachers 

 
L-1 L-2 L-3 L-4 

# of correct 
answers  

Mathew 1 1 4 4 2 
Gina 1 1 4 3 1 
Marco 2 2 3 4 3 
Damian 1 2 3 4 4 
Anna 1 2 3 4 4 
Isabel 1 1 2 4 2 
Dylan 2 1 3 4 2 
Jessica 1 2 3 4 4 
Megan 1 2 3 4 4 
Monica 1 2 3 4 4 
Mayra 1 1 4 4 2 
Cesar 3 2 2 4 1 
Derek  3 1 2 4 1 

 Table 4.7 has the rate of the solution part of the cognitive demand survey. Their solutions 

were rated from 1-3 where 1 was no solution or incorrect, 2 was partially correct, and 3 was 

correct. One participant earned only 1 task at a rate of 3 with one rate of 2 and two rates of 1. 

Eight teachers earned two tasks with a rate of 3 with 6 teachers getting those rates of 3 in the 

level 1 and level 2 tasks, 1 participant got those rates in the level 1 and level 3 tasks, and 1 

participant getting those rates in the level 2 and level 4 tasks. Four teachers earned three tasks 

with a rate of 3 with two of them getting a rate of 1 to the level 4 task and the other two getting a 

rate of 2 to the level 4 task. None of the teachers that were interviewed got all the responses right 

on the solution part. Based on their responses four teachers were rated as high (Marco, Anna, 

Mayra, and Derek) because they correctly solved three of the tasks. Eight teachers were 
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considered medium (Mathew, Gina, Damian, Isabel, Dylan, Jessica, Monica, and Cesar). Only 

one teacher was considered low in this part of the survey (Megan).  

Table 4.7: Solution results of interviewed teachers 

 
L-1 L-2 L-3 L-4 

# of correct 
answers 

Mathew 3 3 1 2 2 
Gina 3 3 1 1 2 
Marco 3 3 3 1 3 
Damian 3 2 3 1 2 
Anna 3 3 3 2 3 
Isabel 3 3 1 1 2 
Dylan 3 3 1 1 2 
Jessica 3 3 2 2 2 
Megan 2 3 1 2 1 
Monica 2 3 1 3 2 
Mayra 3 3 3 1 3 
Cesar 3 3 1 2 2 
Derek  3 3 3 2 3 

Table 4.8 is showing the rates of the construction part of the cognitive demand survey. 

Only one participant got one rate of 3 to the level 2 task. Seven teachers got two rates of 3. Six of 

them got them in the level 1 and level 2 task and 1 in the level 2 and level 4 task. Four teachers 

got three rates of 3. Two of those teachers got it for tasks at levels 1, 2, and 3 while the other two 

got them for the tasks at levels 1, 2, and 4. One teacher got four rates of 3. One teacher was 

considered high because he was able to construct tasks at each level (Mathew). Eleven teachers 

were considered medium (Gina, Marco, Damian, Anna, Isabel, Dylan, Jessica, Monica, Mayra, 

Cesar, and Derek) because they successfully constructed two or three tasks. One teacher was 

considered low (Megan) because she was only able to construct one task (procedures without 

connections) successfully.  

Table 4.8: Construction results of interviewed teachers 
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L-1 L-2 L-3 L-4 

# of correct 
answers 

Mathew 3 3 3 3 4 
Gina 3 3 2 2 2 
Marco 3 3 2 3 3 
Damian 3 3 2 3 3 
Anna 3 3 2 1 2 
Isabel 3 3 2 1 2 
Dylan 3 3 2 1 2 
Jessica 3 3 1 1 2 
Megan 2 3 2 1 1 
Monica 1 3 1 3 2 
Mayra 3 3 3 1 3 
Cesar 3 3 2 2 2 
Derek  3 3 3 2 3 

Finally, in Table 4.9 the level of cognitive demand from the observations is shown. In the 

classroom, three teachers implemented tasks at level 1; one participant implemented tasks at 

level 2, six teachers at level 3, and three teachers at level 4.  In the microteaching, one teacher 

was considered high (Anna) because she presented a lesson that contained a task at level 4. 

Eleven teachers (Mathew, Gina, Marco, Damian, Isabel, Dylan, Jessica, Megan, Monica, Cesar, 

and Derek) presented a lesson with a level 2 or level 3 task. One teacher presented a lesson with 

a level 1 task (Mayra). In the classroom part, three teachers (Damian, Anna, and Dylan) 

presented a lesson with a task at level 4. Seven teachers (Mathew, Isabel, Jessica, Megan, 

Monica, Cesar, and Derek) presented a lesson with a task at level 2 or level 3. Three teachers 

(Gina, Marco, and Mayra) presented a lesson with a task at level 1. After getting an average of 

all survey answers as well as the cognitive demand in the implementation of the microteaching 

and classroom, teachers that were interviewed were categorized either high, medium, or low. 

Overall, Gina, Megan, Mayra, and Cesar had the lowest scores from the surveys and the 

observations. Damian and Anna obtained the highest scores. Overall, Mathew, Marco, Isabel, 

Dylan, Jessica, Monica, and Derek were in the middle.  
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Table 4.9: Implementation level 

 Level Classroom 

Le
ve

l M
ic

ro
te

ac
hi

ng
 

 1 2 3 4 
1 Mayra    
2  Jessica Mathew 

Isabel 
Cesar 
Derek 

 

3 Gina 
Gina 

 Megan 
Monica 

Damian 
Dylan 

4    Anna 

During the interviews, we talked about their difficulties in recognizing, solving, 

constructing, and implementing mathematical tasks at different levels of cognitive demand. 

There were several instances in which the teachers talked about cognitively demanding tasks. 

Teachers stated some challenges when thinking about their lesson plans. The results from the 

interviews are presented for both cohorts combined. The challenges for teachers in both cohorts 

were similar, so that is why they will be presented combined. Once the data from the interviews 

was analyzed,  different codes emerged. The following are some of the codes that emerged from 

the data: low expectations of students, lack of knowledge of students, student needs, English 

language learners, special education students, teachers’ knowledge, lack of knowledge of 

teachers, challenges, time, outside forces.  Different themes emerged when talking about the 

challenges in implementing cognitively demanding tasks. Thus the codes mentioned above were 

then turned into categories based on the challenges each code expressed.  

All interviews were coded line by line and overall more than thirty codes emerge from 

the data. The codes were chosen based on the main research question of the study in addition to 

the number of teachers that mentioned the particular code and the frequency of those references. 

For example, 8 teachers referred to the lack of mathematical knowledge by students’ code, 10 
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teachers mentioned the lowering level of cognitive demand code, 7 teachers mentioned the 

teacher knowledge code, 8 teachers mentioned the outside factors, 7 teachers mentioned the 

English language learners, and 5 teachers mentioned the student needs a code. These codes are 

those in which the teachers expressed challenges in implementing cognitively demanding tasks. 

The different codes were analyzed and then put into the categories depending on the specific 

topics that teachers mentioned. The main categories for this section are: Challenges related to 

students such as students’ knowledge and English language learners, challenges related to 

teachers’ knowledge, and outside challenges such as time and testing. These categories are 

further explained in the following section. Excerpts have been taken from the thirteen teachers’ 

interviews: Mathew, Gina, Marco, Damian, Anna, Isabel, Dylan, Jessica, Megan, Monica, 

Mayra, Cesar, and Derek.  

4.3.1 Challenges related to students 

This section is related to two ways that teachers talked about their students as part of the 

challenges of implementing cognitively demanding tasks (levels 3 and 4). Teachers mentioned 

challenges related to students in two ways: about their knowledge and about having English 

language learners in their classroom. Each of those is explained further in the following 

subsections with examples from the interviews.  

4.3.1.1 Challenges related to students’ knowledge  

This section is about the challenges related to students’ knowledge based on the teachers’ 

responses in the interviews. Themes about students’ knowledge appeared more when teachers 

were talking about construction and implementation of cognitively demanding tasks. Some 

examples of these themes were: lowering the level of cognitive demand, lack of mathematical 



 101 

knowledge by students, English language learners. When talking about their ability in 

constructing tasks ten teachers mentioned having difficulty creating tasks at higher levels and 

then mentioned their students as the reason. Likewise, when discussing the implementation of 

cognitive demand tasks seven teachers mentioned being unable to use any task at level 4 while 

three mentioned that the higher level they utilized in the classroom is level 2. These teachers 

stated the students’ level as an important aspect when selecting those tasks. They sometimes 

lower the level of the tasks because they feel that students are not ready and that their 

mathematical ability is not enough to succeed in solving those types of problems. 

Mathew, an 8th-grade mathematics teacher, said: “You can find wonderful tasks, but if 

they are too far above the level of your students the usefulness of the lesson would be lost.” It 

seems like he was afraid of losing those students that are not ready. In the same interview, he 

mentioned a student that dropped out of one of his classes because she felt that she could not 

handle the class even though Mathew felt that she could have been able to succeed that class. It 

is experiences like these that may draw teachers’ decisions to lower down the level of 

instruction. We can see in this following excerpt his decision to reduce the level of his tasks: 

Mathew: I want to be level 3 all the time, that’s what I want. I can’t always be there 

tough because I mean, even now you have some students they want to always be led. 

They don’t want to make that, they don’t want to always make that leap themselves, so 

you have to start at the level 2, level 1, and build up, but I’d like to be able to start at level 

3 and have them start drawing all their past knowledge and make the connections and 

develop, and then start pushing level 4 I think I’d be so cool to work at a level 4 all the 

time, but I’m not there yet.  

Interviewer: why not? Why do you think that?  
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Mathew: because when I try to push a lot of level 4, I still lose students. 

Even though Mathew talks about the experience of losing students when the cognitive demand is 

higher, he was consistent with what he said about trying to keep the lessons at Level 3 since 

during classroom observation his lesson consisted of tasks at Level 3, but in the microteaching 

part, his task was at level 2. He wasn’t the only one worried about “losing students” since Mayra, 

a 9th grade science teacher also said something related “how do I get to that point without 

completely losing them…how do I do that again without losing them, without getting them so 

confused to like I don’t get this because a lot of the kids they will shut down if they don’t 

understand.” Mayra was reflecting on how to use the higher level of cognitive demand (doing 

mathematics, doing science). She was asking themselves how to help those students that may not 

understand tasks at higher levels. It seems that it was hard for her to answer those questions and 

was often thinking about her students’ knowledge.  

Instruction is often based on students’ knowledge and what the teachers assume their 

students’ knowledge is. Teachers make decisions upon presenting students with different topics 

and tasks. These decisions affect the level of cognitive demand those tasks would have. For 

example, in the following excerpt from Gina, a 5th-grade mathematics and science teacher, we 

can see how she bases her decision on her students’ mathematical knowledge: “The way I 

interpret the different levels of cognitive demand depends on the student themselves you know… 

what foundation they lack in order for me to kind of distinguish if their cognitive demand needs 

to be more challenged.” We can notice that she stresses on the foundation that students are 

lacking. Thus she bases her problems based on that, thinking that some students would lack the 

mathematical knowledge necessary to solve those problems. Overall, Gina’s rating from the 

survey and the classroom and microteaching sessions was low. In her classroom, she presented a 
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task at level 1. She did not mention how she assesses her students’ understanding, but she was 

aware of her students’ prior knowledge and how it could be related to whether they would be 

able to solve tasks at higher levels of cognitive demand.  

Also, Gina who teaches 5th-grade mathematics and science, further mentioned how every 

student comes at different levels and how the cognitive demand is based on each student’s 

knowledge. “What I might consider be a high-level type of questioning or problem solving it 

differs on each student like if I were to consider it high some other student I think would have 

difficulty didn’t have difficulty at all,” she said. In this excerpt, we can see how she is reflecting 

on how some tasks would be harder for some students than for others. She continues talking 

about her students’ prior knowledge. Mayra, a 9th-grade Biology teacher, also talks about 

students’ prior knowledge she says that 

Mayra: some of the kids it’s hard to get to that higher level, you can push them, and they 

will struggle, they struggle so much to get that title even going all procedural sometimes 

they’ll struggle with that which I’ve noticed, and it’s like ok, what’s going on here, it 

really does just depend on the students themselves and how well like their background is 

science and how well they understand the topic that we already covered 

Similarly, Marco an 8th-grade mathematics teacher thinks about the level of the whole 

class: “and of course we try to find tasks that would be challenging for the class but some 

periods… the challenging level may not be as high as some of the tasks for other classes, and 

basically, that’s how we kind of determine what kind of class”. In the microteaching session, 

Marco presented a task at level 3 while in the classroom he presented a task at level 1. In another 

part of the interview, Gina said that most teachers do repetitive problems that can be solved by 

mechanical steps. “They’re being taught to do steps to solve problems, and that’s I think that’s 
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what they get comfortable with.” She was thinking about how sometimes is difficult to 

implement higher levels of cognitively demanding tasks. She feels that since students are used to 

solving problems at low levels of cognitive demand, then they would struggle with other 

problems. Monica, a 9th grade mathematics teacher that presented a task at level 3 both in the 

microteaching session and in the classroom, had a similar sentiment towards implementing 

higher levels of cognitive demand in her classroom. She feels that her students are too used to 

using the calculator even for simple multiplications “sometimes they have to put one times zero, 

or one times three in the calculator.” When asked about her confidence in implementing the four 

levels she answered,  

Monica: In my classroom, I wish I could tell you that I feel a lot confident but I know that 

my kids won’t get to that part and then some, I know that they’re here and you know 

what you never know, let your kids, but if you were in my classroom and just knowing 

my kids they do not rise up to the challenge, they won’t, unfortunately they won’t…I 

think my kiddos would go as far as the second level. 

In this excerpt, Monica was first explaining that she does not feel confident using higher levels 

and then starts talking about how her students will not “rise up to the challenge” and even said 

that she thinks that her students will only go to the second level. Even though Monica does not 

say how exactly she assesses her students understanding, she says that based on her observations 

she knows that they will not be able to solve those problems.  

When talking about the level of cognitive demands used in the classroom one teacher, 

Damian, and 8th-grade mathematics teacher, said that he starts with level 1 and then builds up to 

a higher level. His reasoning was based on his students’ knowledge:  
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Damian: I always start with level 1, and that’s been another form of debate you know it’s 

like sometimes they say that to start in a level 4 let them work their way down, and it’s 

hard for me to accept that kids can start at a level 4 I think that they need that level 1 and 

then the building up to that level 4 so yeah when we’re introducing something new um 

we usually start with level 1 and then we build and build and build. 

This excerpt shows how Damian does not feel like students can start at a high level but he 

said that he builds up to high levels. During the class observation, Damian presented his class 

with tasks that were high level (Level 4) and overall, Damian was considered high based on his 

responses to the survey, microteaching, and classroom observations. Even when he was not 

completely confident about his students’ ability on solving cognitively demanding tasks, he was 

still trying to get them to that level. In contrast to Damian, another teacher, Anna who’s a 7th-

grade mathematics teacher, said that she believes that students can work at high levels of 

cognitive demand: 

Anna: I like to keep instruction at level three I push myself to try to incorporate as much 

level 4 as I can, but I feel pretty comfortable with level three I think a lot of what we do 

in class right now is at that level, maybe between a 2 and a 3 but more a three I try to 

keep it there. I think that in the long run you know it’s what helps them understand the 

material; I don’t want them to just remember steps or just remember what they need to 

do. I want them to be able to understand this so they can apply the math to any question 

to any you know any type of question that they may face. For example, the STAAR test 

that we just took yesterday I don’t know what’s on there, but I know the concepts that 

they need to be familiar with so I feel like if I can keep the instruction at a 3 or a 4 it 

would help them apply those concepts into whatever they face, whatever they have to do. 
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Throughout the whole interview, Anna said that she feels convinced that students can 

solve tasks at high levels of cognitive demands. She said that she often gets surprised to see that 

her students can solve those problems. Equally to Damian, Anna’s lesson during the classroom 

observation was at a high level (Level 4), and she was only considered high overall. It is 

important to understand why teachers like Damian and Anna are able to implement tasks at 

higher levels even though sometimes they may not be sure whether their students would be able 

to solve those problems. Dylan, an 8th-grade mathematics teacher, also thought that students 

should be able to solve problems at higher levels of cognitive demand. However, he is often 

cautious about not challenging his students too much. He said, “you don’t want to make [the 

problems] unreachable because if you just give them problems that are too far advanced and they 

never solve them, then they get discouraged … it’s a fine line you’ve got to give them something 

to get their confidence up but then always through something in there to challenge them so where 

they don’t get too discouraged.” It is essential for teachers to think about their students’ 

knowledge and ability to solve cognitively demanding tasks before implementing them while 

also finding ways to challenge them.  

Another theme that emerged from the data related to the students is the students’ 

motivation. Cesar, a 9th-grade mathematics teacher, said that he mostly implements tasks at level 

2. “The biggest, the absolute biggest challenge is student motivation, a lot of these kids it’s hard 

enough just to get them to do the first two levels just here is the steps, apply it here, you have 

them try to think and they just they won’t.” For Mayra, a 9th-grade science teacher, getting 

students to be interested in mathematical problems is also a challenge: “I know a lot of the kids 

they struggle with that kind of thing. What? You want us to do what? But how do we, what? So 

getting them to the highest level, it’s a challenge.” Both Mayra and Cesar were considered low 
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based on all responses and observations. Another teacher, Monica, a 9th-grade mathematics 

teacher said that she often tries to “entertain them” to get them interested: 

Monica: It's just challenging just to get the kids interested and sometimes yeah we have 

because sometimes you have to entertain them so ok I entertain them, I got them but 

when it comes to math there they go, and I was like no, no come back, come back we 

already discussed this, and I even make stories or something for them to just engage them 

and you still have those faces that they are here but they are not actually here, and that’s 

kind of hard.  

Jessica, a 9th-grade science teacher, told me at the beginning of the interview that she has 

been using a new curriculum in her school that focuses more on project-based learning. Overall, 

she was categorized as medium based on the surveys and the level of the tasks of the 

observations. When asked about constructing tasks at different levels she said, 

Jessica: Well I think yeah the fourth one because sometimes you have to spend, the kid, 

you don’t know what they are going to come in with first so sometimes you need to 

spend a lot of time with the memorization and then the making the connections or doing 

without connections and then connections and then just trying to get them to see how that 

is in the big picture and connects with the real world, sometimes it’s a struggle  

Interviewer: Why do you think it’s a struggle with the kids? 

Jessica: I don’t think they’ve always been used to being forced to critically think and so 

they kind of get comfortable with the “I just need to know what I need to know,” and 

then “Give me the right answer but I don’t want to explain why ” so just getting them 

comfortable I guess with sharing what they think can sometimes be hard so just making 

them feel comfortable with  
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Even though the question was about constructing tasks at different levels, she started talking 

about the students. First, she said that she has to spend much time during memorization then says 

that students are not used to thinking critically. Later in the interview, she continued by adding 

that students in high school only want to do the minimum. She added that since using the project-

based learning curriculum used in her class, she has been feeling more comfortable using all 

levels of cognitive demand and hoped that by the end of the year she would be able to implement 

them more effectively. In the following subsection, the challenges related to English language 

learners are explained.  

4.3.1.2 Challenges related to English language learners  

Several teachers explained that they have English language learners (ELLs) in their 

classrooms. This section is a subsection of challenges related to students’ knowledge because 

even though is not about the students’ mathematical knowledge some teachers view students’ 

proficiency in English as a challenge in the mathematical classroom. They reported this as one of 

the challenges to implementing higher levels of cognitive demand because of their language. 

Also, some teachers also mentioned that having special education students might prevent them to 

use more cognitively demanding tasks. In the following excerpt from an interview we can see 

how Derek, a 9th-grade mathematics teacher, feels that ELLs and special education students pose 

a challenge because they take longer to process information: 

A: So what would you say would be the biggest challenge and you say the highest levels 

which are, let say the last two, three and four are the most cognitively demanding, right? 

What are the biggest challenges in trying to implement those in your classroom? 
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Derek: The biggest challenges? Probably with students that are ELL or the special ed. 

students it’s harder to come across those concepts because it takes them a little bit longer 

to process the information and make the connection and trying to make it more 

meaningful to the students. That’s probably another hard way to connect mathematics to 

students because I know a lot of students don’t like math so connecting the concept that 

we are learning to students is probably the harder thing to do  

When dealing with special education students, Derek says that he approaches them and shows 

them the steps to solve the problems and then he asks them to solve the problems.  

Dylan, an 8th-grade mathematics teacher, is another teacher that referenced English 

language learners when talking about the challenges. In regards to ELLs he says that he relies on 

other teachers to help him translate since he doesn’t speak Spanish but he adds that “in class I 

know I lose them all the time, the ELLs because I talk English, and they barely understand it, let 

alone I don’t know if they understand it, so yeah I think that’s the hardest part I think it’s 

communicating.” He mentioned that the hardest part is when implementing word problems since 

students have issues understanding some of the words but that procedural problems seem to be 

easier for ELLs to work on. When asked about the factors when thinking about which tasks to 

implement in his classroom his response was “I always think about my ELLs how I am going to 

modify it, how I’m going to simplify the terms for the rest of the class.” Both Dylan and Derek 

are monolingual English speakers. Thus their lack of a second language might determine their 

view about English language learners.    

 Some teachers acknowledge having Spanish speakers ELLs in their classroom but don’t 

see it as a challenge since they also speak Spanish and feel that they have the tools to help them. 

Similarly, Isabel, an 8th-grade mathematics teacher, says that in her classroom there is a large 
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population of ELLs and says that they “have to modify based on their language because we have 

a lot of kids coming from Mexico, so we have to just to do it.” However, she did not talk about 

modifying for ELL students as a challenge but more as something she has been doing since she 

started teaching. She has been giving students the translation of the vocabulary and being a 

Spanish speaker herself she mentions that she knows the terminology in Spanish and she often 

uses it with them.  

4.3.2 Challenges related to teachers’ knowledge  

This section is about the challenges related to teachers’ knowledge based on the 

conversations from the interviews. Themes about teachers’ knowledge appeared more when 

teachers were talking about the solution, recognition, and implementation of cognitively 

demanding tasks. Some examples of these themes were: level 4, differences between levels, lack 

of mathematical knowledge by teachers.  In the implementation of cognitively demanding tasks 

teachers were thinking about their mathematical knowledge. Some teachers feel that they needed 

to know the solutions to implement them in the classrooms. Thus implementing tasks at the 

highest level (Level 4-doing mathematics) was seen as a challenge. Others talked about being 

confused about the differences of between the four levels, in particular between Level 2 

(procedures without connections) and Level 3 (procedures with connections). Ten teachers 

mentioned having difficulty recognizing levels between 2 and three while two teachers said they 

have issues recognizing between levels 3 and 4. Also, ten teachers expressed having difficulty 

solving tasks at level 4.  

In connection to their mathematical knowledge, Damian, an 8th-grade mathematics 

teacher, stated: “I would not say I’m confident using level 4 because again I don’t think that… I 



 111 

don’t have all the answers as to where things came from”. Clearly, he does not feel comfortable 

selecting tasks at a higher level because he does not feel prepared to solve those problems by 

himself. He kept saying, “again I would say probably level 4 simply because the level 4 that I am 

aware of now because of the workshop the ones that I've been exposed to then those I have no 

problem using but stuff that I don’t know where things came from then there is no way that I 

would even attempt to explain or teach because I wouldn’t know what I'm talking about”.  He 

battles on his decision to implement higher level tasks because he does not want to present 

students with a problem that he does not understand or doesn’t know how to solve. In this study, 

the level of Marco’s microteaching lesson was 3, and he reduced that lesson for his classroom 

lesson. When Marco whom teachers 8th-grade mathematics, was asked why he reduced the level 

in his classroom, he mentioned that his classroom had special education students and he did not 

believe that they were able to solve those problems. 

During the interview and in one of the professional development workshop sessions 

Damian who teaches 8th-grade mathematics indicated that he was grateful that this workshop was 

based on reinforcing their mathematical knowledge and pedagogical content knowledge since his 

experience at other professional development sessions that he has attended have focused more on 

pedagogical knowledge. Interestingly, Damian kept saying the quote “where things come from” 

because the way he understands Level 4 (doing mathematics) is that it is about making 

generalizations without any other tools. Even though he struggles with his self-confidence about 

his mathematical knowledge, he has been able to implement highly cognitively demanding tasks 

for his classrooms as was mentioned before. Megan, a 9th-grade mathematics teacher, was 

another teacher that wanted to feel confident that she could solve the highest level problems 

before she could implement them in her classroom. Overall, Megan was considered low based on 
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all her responses and observations, for example in the solution part she was rated as low because 

she was able to solve only one task (procedures without connections). She said, “I need to be 

able to say, develop something that will get them to think at the fourth level and feel confident 

that if I am able to do it, they are able to do it, or I can teach it with that strength, but since I am 

still kind of, I don’t feel I have that backing, like everything else is ok”. 

During one session of the professional development workshop, teachers worked in teams 

to solve a task at Level 4 (doing mathematics) and one teacher mentioned about this activity to 

reflect on her mathematical knowledge as a teacher. The following excerpt shows how Gina, a 

5th-grade mathematics, and science teacher felt when solving this problem: 

Gina: There’s some things that were mentioned in my group, but then I really couldn’t 

explain it but my the person that was in my group knew where I was going with it and 

could explain it better, so it kind of makes me feel good that I was on the right path. I had 

the idea of. The overall idea and which made led me to think, you know, I do have the 

possibility of getting to that level. But I was, I did notice that I was not, it was like if I 

was observing my own students and I was one of those students. That my cognitive 

thinking to solve this problem wasn’t as high as the other person in my group and vice 

versa. Like the other people in our group, you could notice the different levels. But 

together it did confirm the thinking that we all had but one could explain it better because 

that particular person in our group had more experience. 

Solving the task at the highest level as well as working in teams made her think about her 

mathematical knowledge. It is fascinating to see how at the beginning of the activity she could 

not explain her reasoning but her teammates helped her, and she felt better because she was on 

“the right path.” It also empowered her to think that she can reach that level, a level in which she 
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could be able to solve those highly cognitive demanding tasks.  She said, “I was thinking in my 

head well I do have some knowledge I’m just missing more information.” It is also fascinating 

how she reflected on how her students might feel when solving these types of problems as we 

can see from this part taken from the excerpt: “it was like if I was observing my own students 

and I was one of those students that my cognitive thinking to solve this problem wasn’t as high 

as the other person in my group”. When she was asked about doing a similar activity with a high-

level task in teams, she said that she would do that and that she tries to allow individual work as 

well as group work.  

The teachers revealed that there are similarities between some levels and how those 

similarities have made it difficult for them to recognize, solve and ultimately implement those 

tasks. For example, Damian (8th-grade mathematics teacher) mentioned, “level 3 is a little bit 

harder to construct … it is similar to level 2 but it’s, it takes it further and is not as simple as 

here’s a formula get an answer you know it’s a step further and it they are a little bit more 

challenging to come up with those.” Damian makes an interesting reflection when he points out 

that he is not completely sure on how to differentiate between tasks at Level 2 (procedures 

without connections) and Level 3 (procedures with connections). Teachers learned and were 

presented with examples at each level. However, it is evident that there is still confusion between 

the differences. The following excerpt from Marco’s interview shows this confusion even 

further: 

Marco: I’m not sure. And I know I struggle with that throughout the year. I’m not sure 

because it’s for me sometimes the demand goes from the second one all the way to the 

fourth. I think you kind of, you kind of reach that fourth one when you’re trying to come 

up with that method, so I would say that the third one is somewhere in between. I’m not 
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sure what it is but its somewhere in between… yeah, I would say that the level 3 is 

probably. That’s the one that goes doing math, and that’s the one that I’m not sure, and 

I’ve never really understood well so I would say the third stage the third level from low 

to high would be the one that I have most trouble recognizing. 

In this example, Marco, an 8th-grade mathematics teacher, is talking about the differences 

between levels. He says that for him the cognitive demand on the task goes from Level 2 to 

Level 4. He can recognize that Level 4 is when students have to develop their method, but his 

understanding of Level 3 is still not clear. Teachers should be able to recognize these levels in 

order to provide students with a broad array of tasks that goes beyond substituting numbers on a 

formula (Level 2).  

4.3.3 Challenges related to external factors  

This section is about the challenges related to external factors based on responses from 

the interviews. Themes about students’ knowledge appeared more when teachers were talking 

about the implementation of cognitively demanding tasks. Some examples of these themes were: 

outside forces, planning, modify. Those themes were then separated into two categories: time 

constraint challenges and curriculum factor challenges.  

4.3.3.1 Time constraint  

Teachers are often concerned about the way they spend their time in the classroom. They 

have to think about the time they would devote to each lesson. Moreover, time is a major factor 

because they feel pressured to finish the curriculum and get students ready for the standardized 

test. Thus, time was mentioned as a significant factor in implementing tasks at different levels of 

cognitive demand. For example, Mathew, an 8th-grade mathematics teacher said, “We have a set 
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amount of time to do everything.” Mathew also talked about not wanting to lose students which 

can be related to the lack of time since he might felt that he would not have time to bring those 

students back to the lesson if they are feeling lost. Also, when I asked Damian, an 8th-grade 

mathematics teacher who had also said that he does not want to implement tasks at higher levels 

if he is not sure about the answers, about what factors he thinks when designing a lesson plan he 

said, “Definitely time … it is kind of tough to do certain things especially the things that we are 

so restricted with time.”  Damian explained that his classes are only forty-seven minutes long 

and during that time he needs to do a bell ringer, which sometimes might take longer than 

expected and then do his lesson. Also, he further explains that is very hard to do project-based 

lesson because they would take some time. He said, “The expectations that are placed upon us … 

so all these things that are expected of us teachers take up time”. These expectations from the 

school and others sources (i.e. district, state) may sometimes take time away from the teachers.  

Some teachers talked about being pressured about finishing all the material on time. For 

example, Monica who teaches 9th grade mathematics expressed how she feels because she needs 

to keep going with the material and some of her students are not ready. She said, “you need to be 

here, you need to be here, you need to be here at this certain time, and you need to be teaching 

systems of equations, you need to be, you’re like oh my god my kids are not up to that right now, 

and you can only do so much in class.” She added that she feels pressured by the school 

administration to finish everything on time. She mentioned, “Right now we are getting pressured 

because of the test you know so we could only show them ok you only have two days to show 

them that the concept of quadratic formula, so only one day and so sometimes I think the lesson 

that we can actually project is short changed because we don’t have the time to do it.” The day 

the interview was conducted she told me that she should be doing paperwork, she said  
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Monica: we are too busy calling parents. Like right now I should be either grading or 

calling parents for kids that are failing. They are going to get on my behind because well 

‘how come you didn’t tell the parent that they were failing.' I was like I don’t have time, 

and then well how do I know they are failing if I don’t grade. You know, so it’s like ok, 

and you know, so it’s just hard, especially when we are being attacked with all these, the 

PLCs is something that we are supposed to be doing, and it has to do with class, but then 

we are filling out paperwork, filling out. I don’t know what else they want us to do 

Monica’s excerpts exemplify how she feels about doing other things that are not related to 

teaching but that the school is asking her to do. She wishes she had more time to finish all the 

things that the school is expecting her to do.  

Finally, Isabel mentioned that the “constraint of time” is an important factor for her. She 

also told me that she has many students that are performing at a 3rd-grade level even though she 

teaches 8th-grade mathematics. During the interview, she said that even though she teaches 8th-

grade algebra, most of her students are performing at a 3rd or 4th-grade level. In the following 

excerpt, she explains that the constraint of time is an important factor, 

Isabel: we have the constraint of time with the strict curriculum, that we have to finish by 

such a day so what I do every time, I start like a standards. I always start with my activity 

right away because if I start with a concept and I see the kids understand, I rather move 

on because I know that’s going to give me time to review at the end…I kind of already 

block myself of doing is the very high one because I’m afraid that I start so high and then 

I don’t finish the curriculum goal on time. 

She mentions that she blocks herself and doesn’t even think about the highest level because 

otherwise, she would not have time to finish the curriculum on time. Also, if she sees that 
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students understand the topic, she moves on. She also has to move on even though her students 

sometimes need more help since they are at a lower level. 

4.3.3.2 Curriculum factor  

Teachers also think about the Texas Essential Knowledge and Skills (TEKS) which are 

the state standards (Texas Education Agency, 2015) and the concepts they need to teach before 

thinking about the kind of tasks they will add to their lessons. For example, at the beginning of 

the interview, Anna, a 7th-grade mathematics teacher, commented, “I have to start with the TEKS 

in mind I have to make sure that whatever task I have selected follows the TEKS.”  Similarly, 

Gina a 5th-grade mathematics and science teacher that was considered low in the overall rating, 

said that she must consider the concepts she has to teach: “Before I select any task in the 

classroom I have to consider what concepts I’m going to introduce or delivery.” Later on, Anna 

talked about the challenges when selecting. Let us consider the following excerpt in which Anna 

claims that the main challenge is time: 

Anna: again the TEKS. Cause you have to. They tell us what it is we need to teach. Also, 

the task does it lend itself to working in teams, working with groups, the length of time it 

would take to complete the task. And basically does it meet the objective that we have, so 

those are the main things. I look at when selecting and considering tasks  

Interviewer: what would you say would be your main challenge? 

Anna: from those factors? 

Interviewer: uhh uhh 
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Anna: the time I think the time factor, you know cause I can plan a lesson and allow two 

days and maybe the kids are not where they need to be on the second day and you know 

it’s for I think for any teacher time is always the biggest obstacle. 

First of all, this excerpt shows all the factors that she has to think about before 

considering her tasks, the TEKS, the time, and the objective. When she was asked about the main 

challenge, she claimed that time is the main factor and that for all teachers time is also the main 

factor.  In this case, she talked about time spent on lessons based on her students and whether the 

students are where she is expecting them to be at the end of the lesson. In that sense, this part of 

the theme can be related to the students’ knowledge. We should also remember that Anna was 

considered high overall, most of her responses in the recognition, solution, and construction parts 

of the survey were high. In addition, she was also able to implement tasks at level 4. Thus, if 

teachers had enough time, they might be able to implement more cognitively demanding tasks. 

Similarly, when asked about the biggest challenge, Megan, a 9th-grade mathematics teacher, had 

a similar answer explaining that she first thinks about her students’ level and the time she has for 

instruction,  

Megan: Certain things I consider. What level they are at that point and how I can take 

them, and then time, because we have to be moving, and moving, and moving. So we are 

starting exponential, the rules of exponents, so I’m thinking if I spend too much time on 

each one example, example, no, review then, let’s get to work. Let’s figure something out 

and let’s come up with some kind of activity. 

The way that Megan talks about everything she has to do shows that she often stresses about how 

much time she for each activity. In the interview, she started speaking faster when she 

mentioned: “we have to be moving, and moving, and moving.” If teachers do not have time to 
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review with students, it will be very hard to assess whether students are understanding. 

Therefore, it might be why teachers do not want to implement CDTs in their classrooms. Even 

though the categories from the teachers’ narratives have been explained separately, we can see 

that some of them are related. For example, if teachers do not have time and think that students 

are not ready then implementing cognitively demanding tasks becomes a challenge for them. 

Curriculum factors and time constraints can also be related.  

In this chapter, the results were presented based on each of the research questions. For the 

first question, we found that teachers had challenges distinguishing between the middle levels. 

Teachers also had challenges solving tasks at the highest levels of cognitive demand and 

constructing tasks at the middle levels. From the correlation analysis, we found some 

correlations in the pilot study (recognizing a task at level 2 was related to recognizing a task at 

level 3) and others in the main study (recognizing a task at level 3 was related to recognizing a 

task at level 4). From the interviews, we found that both science and mathematics teachers talked 

about the following challenges: challenges related to students’ knowledge as well as challenges 

related to English language learners, challenges related to teachers’ knowledge, and challenges 

related to external factors (time constraints and curriculum factors). A discussion and conclusion 

of these results are presented in the next chapter.  
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Chapter 5: Discussion and Conclusion 

In this chapter, a discussion of the results from this study will be presented. First, a 

section describes lessons learned from the pilot study that was implemented in the main study. 

Next, the importance of this study and its implication to the field of mathematics education will 

be explained. Then, an interpretation of the results in regards to teachers’ recognition, solution, 

and construction of cognitive demand levels will be given followed by an explanation of the 

findings from the qualitative data. Followed by the significance of the study, recommendations, 

and its limitations. Finally, a section on future research will be presented.  

5.1 DISCUSSION OF THE RESULTS 

Research Question 1: To what extent are secondary mathematics and science teachers 

able to recognize, solve and construct tasks at different levels of cognitive demand?  

One of the purposes of this study was to examine teachers’ understanding of cognitive 

demand, more importantly, the recognition, solution, and construction of tasks at different levels 

of cognitive demand as well as the challenging in implementing those tasks. The main data to 

examine the way teachers understand the recognition, solution, and construction of cognitive 

demand was the cognitive demand survey. In the recognition part of the survey, the results show 

that teachers had more issues recognizing tasks at level 3 in the pilot study and more issues 

recognizing tasks at level 2 in the main study. This result is further supplemented by the 

teachers’ interviews in which they mention having issues differentiating between the middle 

levels. The following excerpt from Damian’s interview show how he was having trouble 

differentiating between levels 2 and 3. “[Level 3] is similar to level 2 but it, it takes it further and 

is not as simple as here’s a formula get an answer you know it’s, it’s a step further.” Also, this 
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result expands results from Smith and Stein (2009) in which they found that the teachers in their 

professional development workshop also had challenges in recognizing tasks at level 3.  

In regards to the solution part of the survey, the results show that teachers had issues 

solving tasks at the highest levels of cognitive demand (levels 3 and 4) for both studies. This 

result suggests that mathematical knowledge is an important factor in solving tasks at highest 

levels of cognitive demand. Anna explained that for her the highest level is more abstract and 

thus more difficult for her to solve, “for me the level 4 is more difficult because since that’s more 

of a … I guess the abstract and the making the connections I feel more comfortable and better at 

solving problems where things are more concrete, and things are more I do not know I guess they 

follow a certain sequence.” It is important to understand whether teachers can solve cognitively 

demanding tasks before expecting them to implement them in the classroom.  

In the construction part of the survey, teachers had the opportunity to create their 

mathematical tasks at the four different levels of cognitive demand. Teachers had more difficulty 

constructing tasks at level 3 in the pilot study while teachers from the main study had more 

difficulty constructing tasks at level 3 and 4. As mentioned above teachers in the main study did 

not get the example about “deriving a formula” for constructing a task at level 4 before the 

cognitive demand survey was administered. The previous explanation may have led to a low rate 

in this part since teachers from the pilot studies opted to construct a task exactly like the one 

explained above. Teachers in the main study chose to create tasks at level 4 that were more 

procedural. This result was also supported by some of the interviews, for example in the 

following excerpt Anna explains how she can create tasks at level 2 but for level 3 she will have 

to find a problem, but she will have challenges creating it herself:  



 122 

“I think it’s definitely easier to come up with problems at the first two levels, level 3 I’m 

ok with that. Like I’m comfortable enough where I can find problems. And maybe even 

sometimes create them at that level. But level four, just because I don’t know, sometimes 

it seems like I want to be sure that they get it. And if students struggle with the concept a 

little bit, as a teacher, I feel like I want to give them all the tools they need and all the 

guidance, instead of just kind of letting them work.” 

In a study by Thomas and Williams (2008) teachers also had difficulty classifying their own 

tasks and often classified a task as a level 3 when it was a level 2 task. Many teachers stated that 

they prefer to modify the tasks rather than creating their own so that might be another reason 

why teachers would have more difficulty creating their own tasks.  

Research Question 2: Are there relationships among teachers’ ability to recognize, solve, 

construct, and implement tasks at different levels of cognitive demand? 

For this research question, there was a statistical analysis of the teachers’ responses to the 

surveys to examine whether there was a relationship between the recognition, solution, 

construction, and implementations of tasks at different levels of cognitive demand. The results of 

the statistical analysis indicate that in the pilot study there is a significant correlation between 

recognizing a task at level 2 and recognizing a task at level 3. Level 2 task is procedures without 

connections while level 3 task is procedures with connections. In the section above, it was 

explained that some teachers had difficulty differentiating those levels. This result shows that 

those who clearly understood level 2 were more likely to understand level 3 and thus recognize 

the differences between the levels. In a similar way, there was a statistical relationship between 

recognizing a task at level 3 and recognizing a task at level 4.  
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 Between recognizing and solving there was only one level that was significant. 

Recognizing a task at level 3 was related to solving a task at level 3. Perhaps those who had a 

high understanding of how a task at level 3 should look like are those who were more likely to 

solve it. There was no evidence to suggest that recognizing tasks at the four levels was related to 

constructing tasks at any level. Regarding implementation, only implementing tasks at level 1 

was related to recognizing a task at level 1. One possible answer for this is that the majority of 

teachers were able to implement tasks at level 1 and the percentage of implementation decreased 

as the level increased.  

 Between solving and constructing there is no evidence to suggest that there is any 

relationship among them. Constructing a task at level 2 was negatively correlated with 

implementing a task at level 3. By looking at the results, we see that those who correctly 

constructed tasks at level 2 did not implement tasks at level 3. An explanation for this is that not 

many teachers implemented tasks at level 3. However, there was no correlation between 

constructing a task at level 2 and any of the other levels of implementation. Constructing a task 

at level 3 was related to implementing a task at level 2. The majority of those who had 

challenges constructing a task at level 3 also had challenges implementing a task at level 2. 

Finally, those who were able to implement a task at level 2 had challenges implementing a task 

at level 3.  
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Figure 5.1: Recognition, Solution, Construction, and Implementation framework supported by 

teachers’ narratives 

Recognition 

Construction Solution 

Implementation 

Marco: I would say the third stage the third level from low to 
high would be the one that I have most trouble recognizing  

Megan: The last one, no maybe not the last one, second to third, 
the last one is you know you discover, second to third 
because you are already doing procedure depending how 
it’s asked it can be the second and third 

Jessica: I mean the first one is obvious, the memorization is 
obvious and I think the last one is very obvious because 
it’s that higher level 

 
 

Anna: I want to be sure that they get it 
and if students struggle with the 
concept a little bit as a teacher I 
feel like I want to give them all the 
tools they need. 

Cesar: I’m not that creative so coming 
up with my own stuff like I said 
most of the lesson that I have I 
borrowed from other teachers and 
modified. 

Dylan: The higher levels are still the 
most difficult because you want to 
make them hard and challenging 
but you don’t want to make them 
unreachable 

Monica: Well I know I can do one and 
two, the last two I think I would 
have a harder time, it doesn’t 
mean I can’t it just means it’s 
going to take me a little bit 
longer 

Mathew: I struggle honestly level 4 
everyone you’re developing 
your own methods that’s tough  

Derek: maybe the fourth one I need a 
little assistance with  

 
 

Isabel: the only one like I mentioned before that I kind of already block 
myself of doing is the very high one because I’m afraid that if I start 
so high and then I don’t finish the curriculum goal on time  

Damian: I wouldn’t say I’m confident using level 4 because again I don’t 
think that I don’t have all the answers as to where things came from 

Mayra: For the most part it will probably be around the procedural if not 
a little bit above that just because these kids trying to keep them on 
a path to get everything done they usually need the straight forward 
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Research Question 3: What are secondary mathematics and science teachers’ challenges 

in recognizing, solving, constructing, and implementing CDTs? 

The main purpose of this study was to understand the challenges teachers face in 

implementing cognitively demanding tasks in the classroom. The results provided by the 

qualitative part of this study show how teachers think about different factors before creating a 

lesson plan and implementing it in the classroom. We engaged secondary mathematics and 

science teachers in learning about the cognitive demand levels. The following themes emerged 

from the interview data as the main challenges in the implementation of cognitively demanding 

tasks: challenges related to students’ knowledge, challenges related to teacher’s knowledge, and 

challenges related to outside factors.  

Figure 5.1 shows individual quotes of the way teachers talked about each of the 

components of this study: recognition, solution, construction, and implementations of tasks at 

different levels of cognitive demand. These individual quotes exemplify how teachers talked 

about each one of the parts in this study. The themes from the interviews are related to how 

teachers responded to the components mentioned above. In the recognition part, we can see that 

teachers talked about the difficulty between the middle levels and themselves, they used phrases 

such as “the third level… I have most trouble recognizing” or “depending how it’s asked it can 

be the second and third.” In the solution part, they talked more about their mathematical 

knowledge. For example, they used phrases like “I know I can do one and two.” Teacher’s use of 

“I” shows that they are thinking about themselves and whether they can recognize and solve the 

tasks. In the construction part, they mentioned their students’ knowledge as a challenge. They 

use phrases such as “I want to make sure that they get it” and “I'm not that creative.” In this case, 

teachers use either “I” to refer to themselves or “they” to refer to the students. In the 
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implementation part, they talked about the students’ knowledge, their mathematical knowledge, 

and external factors as challenges. In the implementation part, they use phrases such as “I 

wouldn’t say I'm confident using level 4,” “I’m afraid that if I start so high, and then I don’t 

finish the curriculum goal on time,” and “these kids trying to keep them on a path to get 

everything done they usually need the straight forward.” In this case, we can see how they talk 

about themselves (“I”), the students (“these kids”), and curriculum and time.  

In the first theme, teachers talked about the students’ knowledge as the main factor to 

implement any cognitively demanding task. Some of the teachers mentioned lowering the level 

of their courses. Arbaugh et al. (2006) found that many of the teachers talked about the students’ 

lack of basic skills in mathematics and expressed that deficit in knowledge as a reason for not 

allowing students to use the textbook as intended and consequently lowering the level. McDuffie 

and Mather (2006) claim that teachers’ beliefs about students’ learning are critical. Teacher 

beliefs about students’ knowledge might lead to lowering the level of cognitive demand if 

teachers think that students are not ready for tasks that are more cognitively demanding. Also, 

the results from this study in which teachers had difficulty recognizing between levels 2 and 3 

are consistent with quantitative findings from Boston (2013) in which teachers had difficulty 

categorizing tasks in the middle levels. While teachers in the main study had less difficulty 

recognizing the middle levels they still had challenges solving and constructing tasks at level 3. 

When trying to construct tasks at level 3, teachers often constructed tasks at level 2 that were 

procedural. More research needs to be done about the differences between levels 2 and 3 to 

examine how to adapt procedural tasks to a task that requires more connections (Boston, 2013). 

Thus, engaging teachers on discussing the differences between a task that is procedural and a 

task that has procedures with connections should be a part of professional development.  
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One of the teachers reflected on how the cognitive demand on each problem depends on 

each student’s knowledge. Similarly, Boston (2013) argues “tasks that have high-level demands 

as written may not result in high-level thinking and reasoning as implemented in the classroom if 

they are not appropriately aligned with students’ prior knowledge and experiences (i.e., student 

have too much or too little exposure to similar tasks or the underlying mathematical ideas)” (p. 

13). From the results of this study, some teachers said that they had lowered the level of the 

cognitive demand of their tasks because they feel that students are not ready. Even though, 

neither mentioned how they assess their students’ knowledge before implementing any tasks we 

can consider that their assumptions are based on their teaching experience, informal 

observations, and past assessments. During the teacher quality workshop, teachers were 

encouraged to solve different types of problems. Stein, Engle, Smith and Hughes (2008) claim, 

“if [teachers] put themselves in the position of their students while doing the task, they can 

anticipate some of the strategies that students with different degrees of mathematical 

sophistication are likely to produce and consider ways that students might misinterpret problems 

or get confused along the way” (p. 323). Solving problems at different levels of cognitive 

demand allowed the teachers not only to expand their knowledge but also to put themselves in 

the students’ position when solving problems. According to Cartier et al. (2013) “It is important 

for all students to have opportunities to learn science by participating in tasks that require them 

to think hard about the ideas and phenomena they are encountering” (p. 10).  

Another important theme that emerged from the interview data was the teachers’ 

confidence or lack thereof in their mathematical knowledge. According to Stein and Kaufman 

(2010), “As a teacher prepares for the lesson, a limited understanding of the mathematics 

involved may lead him or her to fail to recognize the mathematical integrity of the task, thereby 
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altering it in ways that (unintentionally) change (and often reduce) the level of cognitive demand 

of the task” (p. 9). Some teachers might need extra help to develop their mathematical content 

knowledge before they try to utilize the highest levels of cognitive demand in their classrooms. 

In the workshop, the presenters focused largely on providing teachers with the opportunity to 

challenge them and solve mathematical problems that were more cognitively demanding. 

However, the focus of this study was not to examine the effects on the workshop and their 

mathematical content knowledge.  

It has been shown that often time is a primary factor that prevents certain problems to be 

implemented, especially those at high levels of cognitive demand (Henningsen & Stein, 1997). 

Bieda (2010) interviewed some middle school teachers and when asked about their decision not 

to implement high-level tasks teachers said that they were concerned about not having enough 

time to finish all material in the lesson. In this study, teachers mentioned time constraints as a 

challenge because of all the other duties they are expected to fulfill and not enough time. Anna 

was a teacher that excelled in all parts of the survey as well as the implementation of cognitively 

demanding tasks. She talked about how she believes that her students were ready to face tasks 

that require more thinking. At the same time, she mentions time as a challenge. Teachers like 

Anna should be helped to reach their full potential, and other teachers should be encouraged so 

they too, can implement higher levels of cognitive demand without stressing about the time.  

Another important aspect that emerged from this study is the way teachers think about the 

construct of cognitive demand. Stein et al. (2000) talk about cognitive demand as part of the 

mathematical task. They also discuss how the level of the cognitive demand of the task can be 

declined based on different factors of the task during task enactment. Results from this study 

suggest that for teachers, the challenge goes beyond the mathematical task. Teachers talked 
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about the students, content knowledge, and external factors as main challenges. They did not 

mention specific details about the task but rather about the intersection of all the challenges with 

the mathematical task. Figure 5.2 is a visual representation of the intersection between the 

mathematical/science task and the teacher, which includes the challenges related to teachers (i.e. 

mathematical knowledge). Another intersection is between the mathematical/science task and the 

students, which include challenges, related to students (i.e. students’ knowledge and English 

language learners). The other intersection is between teacher and student, which include 

challenges, related to external factors (i.e. time and curriculum).  

 

Figure 5.2: Challenges in relation to the task, teacher, and student 

5.2 IMPLICATIONS FOR RESEARCH, PRACTICE, AND POLICY 

In this study, we invited teachers to learn about the concept of cognitive demand and the 

four levels by Stein et al. (2000). Other studies have examined teachers’ recognition and 

selection of the levels of cognitive demand (Boston, 2006; Boston and Smith 2011; Smith and 

Stein, 2009). However, this study further expands research on cognitive demand by allowing 

Task 

(Mathematical/
Science) 

Student	   Teacher 

Challenges 
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teachers to construct their tasks at different levels on a given topic. In addition, we also 

encouraged teachers to solve mathematical tasks at the various levels of cognitive demand. This 

study contributes to research in the field of mathematics education by understanding whether 

teachers can solve and construct their tasks. Silver et al. (2009) found that teachers performed 

better in assessing mathematics understanding than developing mathematical understanding. The 

framework shown in figure 5.1 shows that research about cognitive demand should be done 

thinking about the different aspects presented in this study: recognition, solution, construction, 

and implementation. In addition, from figure 5.2 shows the intersection between the challenges 

teachers face with implementing cognitively demanding tasks. Thus research should also focus 

on more than the cognitive demand of the task but also other aspects such as the teachers, the 

students, and external factors.  

A key aspect of this study was that teachers attended the professional development 

workshop in which they were encouraged to learn about the levels of cognitive demand and 

reflect on their teaching practices. Arbaugh and Brown (2005) also believe that engaging 

teachers in a professional development experience and learning about the levels of cognitive 

demand allows teachers to think about “the relationship between mathematical tasks and the 

work of students in their classes” (p. 525). This study shows that professional development based 

on mathematical content knowledge and cognitive demand is beneficial for secondary teachers. 

For example, professional development that focuses on demonstrating how teachers can create 

tasks at the four levels of cognitive demand for different topics. This type of professional 

development will not only enhance their mathematical content knowledge but also their 

confidence in implementing cognitively demanding tasks in their classrooms.  
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Furthermore, this study is significant because we encouraged teachers to talk about the 

challenges in implementing cognitively demanding tasks. By allowing teachers to reflect on their 

understanding of cognitive demand and the challenges in their implementation we get a better 

idea of how teachers feel. Henningsen (1997) concluded that teachers decline the level of 

cognitive demand by removing the aspects that made it high level. This study unpacks why 

teachers might decide not to implement tasks at highest levels of cognitive demand.  Cartier et al. 

(2013) and Stein et al. (2008) provide the five practices to orchestrate task-based discussion in 

mathematics and science. Utilizing the five practices might help teachers implementing tasks at 

higher levels and maintaining the level. However, one of the main findings from this study was 

that teachers viewed having English language learners in their classroom as a challenge. The 

teachers that participated in this study worked in a school in which the majority of their students 

have different levels of English language proficiency. Therefore, they need to be prepared to 

teach these students to enhance their mathematical knowledge while also understanding their 

needs as ELLs. School principals should provide secondary mathematics teachers with training 

and resources to work with ELLs. More preparation is needed for mathematics teachers to 

understand how they can help ELL students learn mathematics instead of just assuming that they 

will not be able to solve cognitively demanding tasks because they do not understand English 

well. 

5.3 FUTURE RESEARCH  

Teachers should be engaged in learning more mathematical content; they need more 

practice not only recognizing but also solving and constructing different tasks. When teachers 

construct their own tasks, they are challenged to their knowledge as well as their students’ 
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knowledge. The examination of qualitative data such as interviews and observations suggests 

that teachers consider many factors before implementing different tasks, especially those tasks 

that are cognitively demanding (i.e. tasks at level 3 and 4). The analysis of interviews allowed us 

to go deeper in the study of the implementation of cognitively demanding tasks by enabling us to 

understand what teachers think and why they make certain decisions when thinking about tasks. 

However, more research needs to be done to understand the factors that are impeding teachers to 

implement cognitively demanding tasks. Challenging teachers to solve, construct, and implement 

tasks at different levels of cognitive demand, especially at high levels, should be a major role of 

professional development workshops.   

Another possible study could be about the implementation of cognitively demanding 

tasks in a primarily English language learner’s classroom. English language learner students 

might be at a disadvantage since they are learning the language and the concepts at the same 

time. However, Bautista (2014) argues, “It is every science teacher’s responsibility to help ELLs 

accomplish higher-order thinking, regardless of their language abilities” (p. 37). In addition, 

teachers in a primarily ELL classroom may lower the cognitive demand level thinking that 

students are not ready. According to a survey by the National Center for Education Statistics 

(2002), 42% of teachers have ELLs in their classrooms, but only 12.5% reported that they are 

prepared to work with them. Teachers feeling unprepared to work with ELLs is why more 

research needs to be done to help teachers that are in that position create better opportunities to 

learn for all kinds of students. Some teachers in this study expressed that one of the challenges of 

implementing cognitively demanding tasks is having ELLs in their classrooms. However, the 

ability to work with ELLs was not a focus of this study, and that theme emerged from the 

interview data. There is a need to explore further mathematics and science teachers’ beliefs and 
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challenges towards ELLs and the use of cognitively demanding tasks in their classroom.  Issues 

of equity must be further examined and addressed if teachers are deliberately implementing tasks 

at lower levels of cognitive demand in their classrooms to ELL students. ELL students should be 

getting the same opportunities to solve tasks at higher levels and the same preparation to be able 

to succeed in college.  

Another part of this study suggests that more research needs to be done about teachers’ 

construction of tasks at different levels of cognitive demand. Researching teachers’ construction 

of tasks at different levels has not been widely examined. Most research has focused on teacher’s 

selection of tasks (Boston, 2006; Boston, 2012; Boston, 2013; Boston & Smith, 2009; Boston & 

Smith, 2011; Jackson, Garrison, Wilson, Gybbons & Shahan, 2013; Stein, Grover & 

Henningsen, 1996; Stein & Kaufman, 2010). Also, there were no studies in the literature review 

in which teachers were encouraged to solve tasks at different levels of cognitive demand. 

Teachers in this study had challenges with constructing and solving tasks at different levels, and 

they also suggested that they prefer to gather tasks from other sources and sometimes modify 

them. A study that further explores the effects of allowing teachers to construct and solve tasks at 

different levels of cognitive demand has the potential to benefit not only researchers but also 

other teachers.  

5.4 CONCLUSION 

There is a need for teacher engagement in solving and constructing mathematical tasks at 

different levels of cognitive demand. As presented above, teachers are challenged by solving and 

constructing cognitively demanding tasks at levels 3 (procedures with connections) and 4 (doing 

mathematics) while recognizing the tasks at different levels was somewhat less challenging for 
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them. That is why it is critical to involve teachers in a discussion on solving and constructing 

tasks at higher levels as well as in discourse on differences between tasks at different levels. 

According to Stein et al. (2000), there are many implications for teaching practice when solving 

and constructing tasks at different levels of cognitive demand. One of the most important phases 

mentioned by Stein et al. is the implementation phase where teachers can lower the demand of 

the tasks. During implementation, teachers should reflect on their own practice. In addition, Stein 

et al. (2000), contends that teachers have mentioned numerous advantages by using the 

mathematical tasks framework by either reflecting with other teachers or by themselves. In this 

regard, Stein et al. (2000) assert “encouraging teachers to raise their interpretations of classroom 

actions to this more general level can allow them to see specific classroom events as ‘cases of’ 

something larger, more coherent, more meaningful, and, perhaps, more memorable (p. 38). One 

teacher talked about his understanding of the different levels of cognitive demand “I feel 

confident that I would be able to recognize them I do…I think that now I have a good 

understanding of what these look like and what kind of problems and tasks they are”. Teachers’ 

ability to solve is highly correlated with the ability to construct mathematical tasks at different 

levels of cognitive demand. Moreover, teachers should be encouraged to solve and construct 

challenging problems to promote the use of cognitively demanding tasks in their classrooms.  

We proposed a methodological perspective that suggests a holistic view of the 

connections between recognition, solution, construction, and implementation of tasks at different 

levels of cognitive demand were examined. This framework contributes to the field of 

mathematics education as a way to study the implementation of cognitive demand levels as a 

whole. Figure 5.1 shows a few excerpts from the interviews from each part of this study. These 

excerpts exemplify how the teachers talk about each of the components of this study.  
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Appendix A: Cognitive demand survey-Pilot study 

518 __ __ __ 
 

COGNITIVE DEMAND SURVEY 
 
Task-1. Use the figure below to answer the following question. 
 
 

 
 
 
Figures A and B are similar. What is the length x of Figure A? 
 
1.1. Explain your solution below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.2. Using a scale 1-4 (1 – lowest cognitive demand, 4 – highest cognitive demand), rate the 

task-4.  
 
Rating: _____ 
 
Explain your rating below: 

 
 
 
 

x 20 
 

12 
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Task-2. What is the definition of similar figures? 
 
2.1.  Write down your definition below: 
 
 
 
 
2.2. Using a scale 1-4 (1 – lowest cognitive demand, 4 – highest cognitive demand), rate the 

task-2.  
 
Rating: _____ 
 
Explain your rating below: 

 
 
 
 
Task-3. Triangle ΔABC below has a right angle  and height  CD  AB. 

C 
 
 
 
         
 
   A            D B 
 
Use the picture above to derive the Pythagorean relationship AC2 + BC2 = AB2. 
 
3.1. Explain your solution below: 
 
 
 
 
 
 
 
 
 
3.2. Using a scale 1-4 (1 – lowest cognitive demand, 4 – highest cognitive demand), rate the 

task-3.  
 
Rating: _____ 
 
Explain your rating below: 

 
Task-4. Use the diagram below to answer the question that follows. 

ACB∠ ⊥
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Figure A 

 
 
Figure B 

 
 
 
Figure A was transformed by scaling 1: 2 in a horizontal direction and 1: 0.5 in a vertical 
direction. What is the ratio of the area of Figure B to the area of Figure A?  
 
4.1. Explain your solution below: 
 
 
 
 
 
 
 
 
4.2. Using a scale 1-4 (1 – lowest cognitive demand, 4 – highest cognitive demand), rate the 

task-4.  
 
Rating: _____ 
 
Explain your rating below: 
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5. Develop tasks at different levels of cognitive demand for the following topic – Area of a 
triangle. 

 
5.1. Memorization Task: 

 

 

 
Explain why the task you developed is a memorization task. 

 
 
 
 
 
 
 Provide a solution for your memorization task below: 
 
 
 
 
 
 
 
 
5.2. Task using Procedures without Connections: 

 
 
 
 
 
 

 
Explain why the task you developed is a task using procedures without connections. 
 

 
 
 
 
 
 Provide a solution for your procedures without connections task below: 
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5.3. Task using Procedures with Connections: 

 
 
 
 
 
 

 
Explain why the task you developed is a task using procedures with connections. 
 

 
 
 
 
 
 Provide a solution for your procedures with connections task below: 
 
 
 
 
 
 
 
 
5.4. Task on Doing Mathematics: 

 
 
 
 
 
 
 

Explain why the task you developed involves a doing mathematics task. 

 
 
 
 
 Provide a solution for your doing mathematics task below: 
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Appendix B: Cognitive demand Survey-Main study 

__ __ __ __ __ __ 
 

COGNITIVE DEMAND SURVEY -1 
 
Task-1. The Rabbit runs 30 meters in 4 seconds. What is his rate?  
 
1.3. Explain your solution below: 
 
 
 
 
 
 
 
1.4. Using a scale 1-4 (1 – lowest cognitive demand, 4 – highest cognitive demand), rate the 

task-1.  
 
Rating: _____. Explain your rating below: 

 
 
 
 
 
 
 
 
 
 
 
Task-2. If d – distance, t – time, and r – rate, what is a formula for rate? 
 
2.1.  Write down your response below: 
 
 
 
 
 
 
2.3. Using a scale 1-4 (1 – lowest cognitive demand, 4 – highest cognitive demand), rate the 

task-2.  
 
Rating: _____. Explain your rating below: 
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Task-3. Rabbit and Turtle run d meter “over and back” race from a starting point to a tree (d/2), 
then back to the starting point again. Rabbit’s speed over is r1 m/s and back is r2 m/s. Turtle’s 
speed over is r3 m/s and back r4 m/s. Rabbit and Turtle have equal average speeds. Would Rabbit 
win the race? Specify conditions under which Rabbit could win.  
 
3.3. Explain your solution below: 
 
 
 
 
 
 
 
3.4. Using a scale 1-4 (1 – lowest cognitive demand, 4 – highest cognitive demand), rate the 

task-3.  
 
Rating: _____. Explain your rating below: 

 
 
 
 
 
 
Task-4. Rabbit and Turtle run a 60 meter “over and back” race from a starting point to a tree (30 
m), then back to the starting point again. Rabbit’s speed over is 6 m/s and back is 4 m/s. Turtle’s 
speed both ways is 5 m/s. Who will win the race?   
 
5.5. Explain your solution below: 
 
 
 
 
 
 
 
 
5.6. Using a scale 1-4 (1 – lowest cognitive demand, 4 – highest cognitive demand), rate the 

task-4.  
 
Rating: _____. Explain your rating below: 
 

 
 

__ __ __ __ __ __ 
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COGNITIVE DEMAND SURVEY - 2 
 
 

Develop tasks at different levels of cognitive demand for the following topic – 
Proportionality. 

 
1. Memorization Task: 

 
 
 
 
Explain why do you think that the task you developed is a memorization task? 

 
 
 
 
 
 
 Provide a solution for your own task below: 
 
 
 
 
 
 
 

2. Task using Procedures without Connections: 

 
 
 
 
 
 

Explain why do you think that the task you developed is a task using procedures without 
connections? 

 
 
 
 
 
 Provide a solution for your own task below: 
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3. Task using Procedures with Connections: 

 
 
 
 
 
 

Explain why do you think that the task you developed is a task using procedures with 
connections? 

 
 
 
 
 
 Provide a solution for your own task below: 
 
 
 
 
 
 
 

4. Task on Doing Mathematics/ Science: 

 
 
 
 
 
 

Explain why do you think that the task you developed is a doing mathematics/ science 
task? 

 
 
 
 
 
 Provide a solution for your own task below:  
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Appendix C: Interview protocol  

1. Could you begin by explaining to me your lesson planning process from conception, 

implementation and to completion? 

2. When planning your classes, do you select, modify or design your own tasks? Why or why 

not?  

3. What is your understanding of the different levels of cognitive demand? Could you give some 

examples? 

4. How confident do you feel recognizing the different levels of cognitive demand?  

5. At which level do you have most difficulty recognizing tasks? Why?   

6. How confident do you feel solving problems with different levels of cognitive demand? 

7. At which level do you have most difficulty solving tasks? Why?   

8. How confident do you feel constructing the different levels of cognitive demand?   

9. At which level do you have most difficulty constructing tasks? Why?   

10. How confident do you feel using different levels of cognitive demand in your classroom?  

11. Which level of cognitive demand do you feel most comfortable with in your classroom? 

Why?  

12. Which level of cognitive demand do you feel most uncomfortable with in your classroom? 

Why?  

13. What are the main factors you consider in selecting tasks at a certain level of cognitive 

demand to implement in your classroom? 

14.  Is there anything else you would like to tell me about your experiences with CDTs? 
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