
Developing Proficiency-Based Learning in Mathematics

Ruben R. Puentedura, Ph.D.



Substitution 
Tech acts as a direct tool substitute, 

with no functional change

Augmentation 
Tech acts as a direct tool substitute, 

with functional improvement

Modification 
Tech allows for significant task redesign

Redefinition 
Tech allows for the creation of new tasks, 

previously inconceivable
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Ruben R. Puentedura, As We May Teach: Educational Technology, From Theory Into Practice. (2009)

https://itunes.apple.com/us/itunes-u/as-we-may-teach-educational/id380294705?mt=10
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Ruben R. Puentedura, “Technology In Education: The First 200,000 Years” The NMC Perspective Series: Ideas that Matter. NMC Summer Conference, 2012.

http://www.youtube.com/watch?v=NemBarqD6qA


The EdTech Quintet – Associated Practices

Social Communication, Collaboration, Sharing

Mobility Anytime, Anyplace Learning and Creation

Visualization Making Abstract Concepts Tangible

Storytelling Knowledge Integration and Transmission

Gaming Feedback Loops and Formative Assessment



Kristen Kereluik, Punya Mishra, Chris Fahnoe, and Laura Terry, “What Knowledge Is of Most Worth: Teacher Knowledge for 21st Century Learning”. Journal of Digital Learning in Teacher Education (29) 4 (2013)

http://files.eric.ed.gov/fulltext/EJ1010753.pdf
http://files.eric.ed.gov/fulltext/EJ1010753.pdf


William Rankin – The Cubic Learning Model

https://unfoldlearning.net
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“Practice in a classroom is formative to the extent that evidence about 
student achievement is elicited, interpreted, and used by teachers, 
learners, or their peers, to make decisions about the next steps in 
instruction that are likely to be better, or better founded, than the 
decisions they would have taken in the absence of the evidence that 
was elicited.”

Black and Wiliam: Defining Formative Assessment

Black, P. and Wiliam D. “Developing the theory of formative assessment.” Educational Assessment, Evaluation and Accountability. 21:5-31 (2009)



Wiliam: A Framework for Formative Assessment

Where the learner is going Where the learner is

right now How to get there

Teacher Clarifying learning intentions 
and criteria for success

Engineering effective 
classroom discussions and 

other learning tasks that elicit 
evidence of student 

understanding

Providing feedback that 
moves learners forward

Peer
Understanding and sharing 

learning intentions and 
criteria for success

Activating students as instructional resources for one 
another

Learner
Understanding learning 

intentions and criteria for 
success

Activating students as the owners of their own learning

Dylan Wiliam, Embedded Formative Assessment. Solution Tree (2011)
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1. Clarifying, Sharing, and Understanding Learning Intentions and 
Criteria for Success

• Rubric Dichotomies:

• Task-specific vs. generic rubrics

• Product-focused vs. process-focused

• Official vs. student-friendly Language


• Rubric Design:

• Three key components in presenting learning intentions and success criteria to students:

• WALT: we are learning to

• WILF: what I'm looking for

• TIB: this is because


• Make explicit progressions within rubrics, and progressions across rubrics

• Students and Rubrics:

• Have students look at samples of other students' work, then rank them by quality

• Students become better at seeing issues in their own work by recognizing them in others’ work

• Not a “somebody wins” exercise, but rather a quality exercise that engages students


• Have students design test items, rubrics



Rubric Example #1: A Classical Rubric for Concept Maps 
(M. Besterfield‐Sacre et al., 2004)

VII. CONCLUSIONS

To date, concept maps have been primarily utilized as an inter-
vention mechanism for improved learning, even though they have
potential as an assessment tool. Although researchers have exam-
ined using these maps for assessment, to date there have been few
reported cases in which inferences have been made about students’
level of conceptual understanding. A major limitation has been the
reliance on “traditional” scoring methods based on count data. Al-
though these methods attempt to quantify the map’s content, they
fail to capture the quality of that content. Further, these scoring
methods can be time consuming, lack standards, and may introduce
inappropriate bias. To combat these problems we first took a holis-
tic approach to scoring the maps and then formalized this approach
by constructing a structured rubric.

The results of our study suggest that concept maps can be an ef-
fective way to measure a student’s conceptual understanding in a
particular area. The experts that scored the students’ concept maps
were able to distinguish the various class levels through their self-
developed holistic score that corresponded to the map’s quality and

later through the rubric. This indicates that the holistic rubric is suf-
ficiently sensitive to detect growth in students’ knowledge integra-
tion from the sophomore to senior year. The formal scoring rubric
not only allows one to distinguish the class levels, but also further
quantifies these differences across three attributes.

Our results are encouraging because they suggest that concept
map knowledge can be measured in a meaningful, reproducible and
efficient manner. Validation efforts revealed high correlation be-
tween the two pairs of professors who scored the concept maps
using the rubric. Paired analysis of 30 maps also showed that no sig-
nificance differences resulted in scoring in the area of comprehen-
siveness and correctness, although a significant difference was
found relative to organization. An adjustment to the rubric, may
have resolved this one area of difference. These results demonstrate
the rubric’s potential for accurately quantifying the knowledge por-
trayed by the student through their map. 

The University of Pittsburgh IE department has seen the value
of using student concept maps and has formalized plans to annual-
ly conduct concept map investigations. Based on our recent find-
ings a second engineering department also plans to incorporate

April 2004 Journal of Engineering Education 113

Table 5. Confidence intervals for each category.

Table 4. Concept Map scoring rubric (Understanding of Engineering Field).

Besterfield‐Sacre, Mary, et al. "Scoring concept maps: An integrated rubric for assessing engineering education." Journal of Engineering Education 93.2 (2004): 105-115.

https://www.researchgate.net/profile/Larry_Shuman/publication/261541920_Scoring_Concept_Maps_An_Integrated_Rubric_for_Assessing_Engineering_Education/links/56537a6408ae4988a7afaa8a.pdf


Rubric Example #2: A Rubric for Sociology Online Discussion 
(S. Evans, 2010)



2. Eliciting Evidence of Learners' Achievement in the (Extended) 
Classroom

• Asking questions in class:

• Chosen to act as a discussion/thinking trigger

• Should provide info for varying instruction on the fly and in the long term

• Examples:

• ConcepTest

• POE (Predict-Observe-Explain)

• TPS (Think-Pair-Share)

• Virtual Whiteboard



Brief Lecture or Group Discussion
(~10 minutes)

ConcepTest
(~1-2 minutes)

Between 30-75% of 
students answer correctly

Fewer than 30% of 
students answer correctly

More than 75% of
students answer correctly

Peer Discussion:
students try to convince each other

(~2-3 minutes)

The instructor
explains remaining misconceptions

The instructor
revisits and explains the concept

ConcepTest
(~1-2 minutes)

Mazur, E. Peer Instruction - A User's Manual. Prentice Hall (1997)



3. Providing Feedback that Moves Learners Forward

• The feedback process must provide a recipe for future action

• Feedback should:


• Be more work for the recipient than the donor, i.e., not just right/wrong – make them think about what did not work

• Be focused: less is more

• Relate explicitly to goals/rubrics


• How:

• Scores or praise alone do not provide this; comments do

• Supplying minimal scaffolded responses (i.e., where the student got stuck) >> supplying a full response to the 

problem

• This emphasizes the crucial role of the draft object and process


• Oral feedback >> written feedback

• Consider using recordings


• Create (sometimes together with students) process rubrics that embody this scaffold

• Provide time for students to use this feedback


• Minimize grading:

• Avoid false stopping points

• Avoid ratchet effect



4. Activating Students as Instructional Resources for One Another

• Two key elements:

• Group goals

• Individual accountability


• Effectiveness due to (in order of importance):

• Personalization

• Cognitive Elaboration

• Motivation

• Social Cohesion


• Reciprocal help only works when it takes the form of elaborated explanations:

• Not simple answers or procedures

• Looks to the upper levels of Bloom for both participants


• Reciprocal help is more effective (by a factor of up to 4) if the product being assessed is the result of the 
aggregate of individual contributions, rather than just one group product



5. Activating Students as Owners of their Own Learning

• Effective self-assessment is up to twice as effective as other-assessment

• Two key components:


• Metacognition:

• Metacognitive knowledge: know what you know

• Metacognitive skills: what you can do

• Metacognitive experience: what you know about your cognitive abilities


• Motivation:

• Traditionally viewed as a cause (intrinsic/extrinsic), but is better viewed as an outcome:


• Flow (M. Csikszentmihalyi): the result of a match between capability and challenge

• Students are motivated to reach goals that are specific, within reach, and offer some degree of challenge


• Three sources of info for students to decide what they will do:

• Perceptions of the task and its context

• Knowledge about the task and what it will take to be successful

• Motivational beliefs


• The role of the draft process and object resurfaces as a crucial component here

• Important Tools:


• Learning logs and journals

• Learning portfolios
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