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3Letter from the Editors

Dear Readers, 

We are pleased and excited to present the Spring issue of the journal. In a departure for this journal, this is a special 
issue devoted to numeracy. In particular, we would like to extend our gratitude to Dr. Lynda Ginsburg of Rutgers 
University, who served as the guest editor for this issue. While all of the articles in this issue (except, of course, the 
regular columns and the Forum pieces) went through the normal review process, Dr. Ginsburg worked extremely 
hard to recruit the authors and to provide abundant feedback to all of them. She worked tirelessly on this; truly, we 
could not have produced this special issue without her. 

In her research article, Dorothea Steinke identifies some of the problems with developmental math and ways to 
improve student outcomes in these community college courses. It is of interest because the instrument used to identify 
students’ lack of knowledge of specific numeracy components which she used was practitioner developed and could 
have important applications on many campuses. Diana Coben and Anne Alkema, both from New Zealand, discuss 
their efforts to develop a numeracy practices measure and they place the need for such a measure within the broader 
literature on numeracy for adults. 

This issue includes three brief practitioner articles. The first article by Eric Appleton, Solange Farina, Tyler 
Holzer, Usha Kotelawala, and Mark Trushkowsky describes a professional development approach employed by 
community college instructors in New York City. It is designed by the participants, allowing them to find answers 
to their own pressing problems. The second practitioner article, by Lisa Bates, discusses her efforts to incorporate 
adult development theory into her GED math classes. Finally, Cynthia Zengler discusses the ways that the state of 
Ohio has tried to incorporate the Common Core State Standards (CCSS) and the College Readiness (CCR) Standards 
into its professional development efforts. She notes that while her article focuses on numeracy, their efforts provide 
a broader blueprint that others might follow. 

The lead article in this issue’s Forum is by Lynda Ginsburg. She lays out the dilemmas associated with the 
sometimes conflicting need to improve numeracy education for adults while also adhering to the myriad state and 
federal requirements. Donna Curry continues Ginsburg’s discussion but focuses on students, instead of teachers. She 
notes that teachers are unable to provide the basic frameworks necessary for students to advance and still meet all of 
the many external requirements The third article, by Melissa Braaten, continues this discussion, asking how teachers 
should decide what to teach, given all of the demands they face. 

Finally, we are excited to include Nicole Taylor’s review of an edited book by Susan Imel and Gretchen T. Bersch, 
No Small Lives: Handbook of North American Early Women Adult Educators, 1925-1950. This book is an historical 
examination of the roles that women have played in the development of the field of adult education. The last column 
in this issue, by David J. Rosen, focuses on numeracy and math websites. Dr. Rosen provides important information 
for instructors as they try to identify websites to aid them in the teaching of mathematics. 
  
Sincerely, 

  Amy D. Rose    Alisa Belzer     Heather Brown
  Co-Editor    Co-Editor    Co-Editor

The COABE Journal, Celebrating 40 Years as a Major Voice in Adult Education

Journal of Research and Practice for 
Adult Literacy, Secondary, and Basic Education

Published Jointly by The Coalition on Adult Basic Education and Rutgers University
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Evaluating Number Sense in Community  
College Developmental Math Students

Dorothea A. Steinke
NumberWorks

Abstract
Community college developmental math 

students (N = 657) from three math levels were 
asked to place five whole numbers on a line that had 
only endpoints 0 and 20 marked. How the students 
placed the numbers revealed the same three stages 
of behavior that Steffe and Cobb (1988) documented 
in determining young children’s number sense. 
23% of the students showed a lack of the concept 
of part-whole coexistence in this task. In two of 
three levels, lack of the concept was found to be 
significantly related to success (final grade of A, B, 
or C) in developmental math. 

In her review of The Centre for Literacy’s 2014 
Summer Institute and its focus on data 
from PIAAC (Program for the International 

Assessment of Adult Competencies), Tighe (2014) 
commented that “research is needed ... to adequately 
design interventions to identify, target, and improve 
key component numeracy skills” (p. 66) among 
adult students. In the spirit of that comment, this 
article describes a practitioner-devised tool, and 
its use in a community college-sponsored research 
project to uncover which students appear to lack 
key numeracy components critical for understanding 
proportions, fractions and algebraic relationships. 
Stigler, Givvin, and Thompson (2009) reported a 
lack of conceptual understanding in those particular 
areas of pre-college-level math among community 
college developmental-level math students.

The purpose of this study was to identify how 
many students in developmental math classes may 
be lacking key developmental math concepts that 
standardized skills tests may fail to identify. These 
concepts are: 1) the “equal distance of 1” that exists 
between neighboring whole numbers, which is 
necessary for understanding abstract addition; and 2) 
part-whole coexistence (the parts and whole exist at 
the same time), which is necessary for understanding 
abstract subtraction, fractions and quantities in 
relationship (percents, ratios, functions, and more).
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 Over the years, through one-on-one interviews, 
the author had identified individuals who lacked one 
or both concepts 1) among High School Equivalency 
program (GED) math classes, 2) among a sample 
(N=11) of community college students, 3) among 
pre-service teachers, and 4) among prisoners 
transitioning back to society (Steinke, 1999; 2002; 
2008). In all these populations, some individuals 
struggled to answer, or could not answer, the question  
7 + ? = 25 that was presented with physical objects 
and numerals, but not in written form.

Research Question
With the development of the much quicker 

Number Line Assessment tool, it became practical 
to attempt identification of concept-lacking adults 
with a much larger group. The research question was 
posed as: How many developmental math students 
lack one or both concepts at the start of the course, 
and what is the success rate of these students in 
developmental math classes?

The key purpose is identifying whole number 
concepts, rather than skills, that adults lack. To 
understand what these concepts are at the earliest 
level, we turn to research on young children’s number 
sense carried out in the 1980s by Dr. Leslie Steffe and 
his colleagues at the University of Georgia. 

Conceptual Framework
Mature number sense with whole numbers has 

been thought to appear around age 7 or 8 (Piaget, 
1953). More recent research on brain development 
pushes that toward age 9 (Houdé et al., 2011), 
particularly for children who grow up in conditions 
of toxic stress (poverty and/or abuse) (Child Welfare 
Information Gateway, 2015). Other recent research 
relates children’s math achievement to non-verbal 
number sense (Halberda, Mazzocco, & Feigenson, 
2008) and to placement of whole numbers on an 
empty number line (Booth & Siegler, 2008; Mundy 

& Gilmore, 2009; Rouder & Geary, 2014; Schneider, 
Grabner & Paetsch, 2009). 

In the 1980s, Steffe and his colleagues developed 
a model of primary-grade children’s growth toward 
number sense (Steffe et al., 1983; Steffe, Thompson 
& Richards, 1982; Steffe, Richards & von Glasersfeld, 
1978). Wright used a variation of Steffe’s original 
model to assess larger groups of children (Wright, 
1994). The outcome of those assessments was used 
to develop a math curriculum in Australia (Wright, 
2003). Math Recovery, a “Response to Intervention” 
(RTI) program for the early grades in the United 
States, is a further extension of Steffe’s early model 
(Miller, 2014; Wright, 2009). 

Steffe with Cobb (Steffe & Cobb, 1988) later 
refined the original model to three stages: 
perceptual (concrete), figurative (representational) 
and abstract thinkers. This update was based on 
behaviors observed in one-on-one interviews in 
which children answered simple addition or missing 
addend questions. The concepts that allow students to 
progress from one stage of number sense to the next 
are: equal-sized units from one whole number to 
the next (the concrete-to-figurative transition); and 
part-whole coexistence (the figurative-to-abstract 
transition).

In their 3 Stages model, Steffe and Cobb defined 
children as Stage 1 (perceptual) when the children 
had acquired the number word sequence and could 
use it to count with one-to-one correspondence. The 
researchers documented these counting behaviors 
with Stage 1 primary grade students:  1) fingers are 
raised in a “block” for number patterns (i.e., all fingers 
go up at once); 2) objects must be seen in order to 
be counted (i.e., objects not in sight are not included 
in the count); and 3) counting to add starts from 1 
each time (i.e., a “count all” strategy).

Older children and adults who understand each 
counting number as a separate item exhibit Stage 1 
behaviors in one-on-one interviews (Steinke, 1999; 
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Steinke, 2001). These people understand numbers as 
labels of items in a certain order, like house numbers. 
For them, there is no exact quantitative distance 
from number to number. Number words belong to a 
category, like the names of fruit belong to a category. 

Stage 2 also shows specific counting behaviors 
according to Steffe and Cobb (1988). The person: 1) 
raises fingers in sequence one after the other when 
counting; 2) can add unseen objects; 3) “counts on 
from” one of the addends when adding; 4) substitutes 
fingers, mental   visualizations, or spoken words for 
unseen objects being counted; and 5) can add parts 
to find the whole without using physical objects. 
These behaviors, especially the ability to add unseen 
objects and “counting on from,” would indicate that 
Stage 2 children and adults have the sense that each 
counting number is the “same-sized 1 more” than 
the number before it. That is, since the increase from 
one number to the next is constant, it doesn’t matter 
where you begin counting when adding two groups 
of like items. Figure 1 contrasts the physical sense of 
number relationships between Stage 1 and Stage 2.

Stage 2 thinkers have the first major concept, 
“equal distance,” but lack the second, “part-whole 
coexistence.” Stage 3 thinkers have that second 
concept, namely, the understanding that a number 
exists as a whole and at the same time contains within 
it all the combinations of addends (the parts) that 
can be summed to create that whole. For example, 11 
contains within it 4 + 7 or   3 + 3 + 3 + 2 and many 
other combinations while existing at the same time 
as the whole 11. 

The important point here is the Stage 3 
understanding that the parts and whole exist at the 
same time as opposed to the Stage 2 understanding 
that either the parts exist or the whole exists (Fig. 
2). Steffe and Cobb (1988) also noted that Stage 3 
children could give the solution to a missing addend 
(subtraction) question on the first try without using 
counters, and were confident that the answer was 
correct.

It is the grasp or lack of these two transition 
concepts (“equal distance” and “part-whole 
coexistence”) that the 5-digit number line 
assessment reveals. Other researchers have 
reported tasks with placement of a single number 
between two designated endpoints in order to 
show a relationship between students’ number 
sense and their physical placement of numbers 
relative to each other in space (De Hevia & 
Spelke, 2009; Longo & Lourenco, 2010). Using 
5 digits uncovers much more, and in far less 
time than interviews. 

Method
At a suburban community college, students 

taking developmental-level math courses (Basic 
math [whole numbers, fractions and decimals] 
[N = 179]; Pre-Algebra [N = 167]; Algebra 1 [N 
= 311]) were assessed for their sense of whole 
number relationships using an empty number 
line with endpoints zero and twenty. The 
college’s Institutional Review Board approved 
the study. Preliminary investigation with four 
developmental math classes of two different 
instructors had shown that not all students could 
place five given whole numbers on the empty 
line with reasonable accuracy.

The overall student population in the college 
is about 19% Hispanic and about 2% Black. In the 
classes that formed the assessment group, the amount 
of Hispanics was markedly above that 19%: 31.4% 
of students in Basic Math; 32.9% in Pre-algebra; 
and 23.3% in Algebra 1. Furthermore, the zip codes 
of 260 students in eleven Basic Math classes over a 
period of five years indicate that 33.5% lived in ZIP 
codes that are in the top 10% of Hispanic percentages 
of population nationally (U.S. Census Bureau Fact 
Finder); that 181 (69.6%) of the students in that 
ZIP code sample lived in two counties that have 
a higher poverty rate than the state figure (2013 



8    Journal of Research and Practice for Adult Literacy, Secondary, and Basic Education  •  Volume 6, Number 1, Spring 2017

Steinke

poverty rates: State: 13.5%; County A: 18.4%; County 
B: 16.5%) (Ball, 2013); and that in 2013 the poverty 
rate for Hispanic households in the state was 2.5 
times that for White non-Latinos (24.2% versus 
9.0%) (Ball, 2013). The above information would 
seem to imply that the number of students who 
have grown up in and/or live in or near the poverty 
line is likely higher in developmental math classes 
than in the general population of this community 
college, given the higher percentage of Hispanics in 
those math classes. It is important to recognize this 
sub-group in the study population in light of recent 
reports of the adverse effects of living in poverty on 
the trajectory of children’s brain development and 
learning. (Center on the Developing Child at Harvard 
University, 2016).

Student placement in developmental math was 
by standardized test (ACCUPLACER) or successful 
completion of a lower course (grade of C of higher). 
In the semester of the assessment, all on-campus 
sections of each course participated.

The test instrument was a line about 23 cm 
long, printed with the instructions on normal copy 
paper, with endpoints zero and twenty marked (Fig. 
3). The decision to use a 0-to-20 line was based 
on earlier interviews with adults using Steffe and 
Cobb’s model, where Stage of number sense could 
be determined with an oral missing addend question 
when the largest “whole” was 25 (Steinke, 1999). 
Also, using 20 allows those students able to do so 
to mentally picture the middle of the line as 10. The 
decision to use five numbers was based on an in-class 
experience with an adult student prior to developing 
the assessment. The given numbers were written in 
a vertical box and out of order – 17, 12, 2, 5, 1. The 
specific numbers were chosen based on: 1) avoiding 
10 (a center benchmark) (Friso-van den Bos et al., 
2015); 2) using only one other benchmark (either 5 
or 15); 3) including 1 and 2 to show a person’s sense 
of the “equal distance” concept (the distance from 0 to 

1 and from 1 to 2 should be the same); 4) excluding 
numbers one more or one less than any benchmark 
beyond zero (thus excluding 4, 6, 9, 11, 14, 16, 19); 
and 5) using no consecutive numbers beyond 1 and 2 
(thus excluding 3). From the remaining numbers (7, 
8, 12, 13, 17, 18), two beyond 10 were chosen. This 
decision again was based on interviews; Stage 1 or 
weak Stage 2 adults began to struggle with missing 
addend questions in which the whole was greater 
than 10. The 12 and the 17 were chosen.

The assessment was usually done at the 
first class meeting of the semester and no later 
than the third class meeting. Participants were 
all the students present in class on the day of 
the assessment. After students received the 
assessment tool, the lead researcher or a result 
evaluator read the directions aloud while 
displaying the tool and physically pointing to 
the ends of the line (the zero and the twenty). If 
students had questions about how to proceed, a 
general remark such as “It’s up to you.” was given. 
Testing an entire class of up to 32 students took 
no more than ten minutes, including the time 
for distributing the assessment and reading 
the directions.

The tests were then analyzed separately for Stage 
of number sense by two different math instructors. 
The instructors met later to compare their separate 
results and arrive at a consensus on those assessments 
for which their original Stage placement differed. A 
template of the ideal (i.e., perfectly placed) location 
of each number was used to judge the accuracy of 
the responses.

Results
Stage 1 thinking appears on the assessments as 

positioning the five given numbers nearly equally 
across the number line (Fig. 4). This reflects the 
person’s understanding that the numbers are in order 
but do not have a specific, physical size relationship. 
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It is also indicative of “must see them to count them” 
thinking. Numbers not listed appear to be ignored.

Stage 2 thinkers have an “either-or” understanding 
of the “part-whole” relationship (see Fig. 2). This 
causes them to focus on either the size of parts (the 
size of their personal, internal “1”) or the size of the 
entire line, but not the spatial relationship of both 
at the same time. 

Stage 2 thinking appears on the assessments as 
numbers that are correctly proportionally spaced 
unto themselves, but that are not in the correct 
location on the entire line. Stage 2 thinking results 
in two main types of errors: 1) an obvious leftward 
skewing of the entire set of numerals, often to the left 
of the center of the line (Fig. 5a) or 2) a proportional 
spacing of the digits 1, 2, 5, and 12 too far to the left 
and a proportional spacing of 17 close to 20 (Fig. 
5b). In both cases, the size of “1” is internal and 
individual for that person. Also, because Steffe and 
Cobb noted that Stage 3 thinkers in the interviews 
arrived at the correct answer on the first try and were 
certain of their answers, any corrections or erasures 
of the original placement of a number caused the 
assessment to be judged Stage 2 (Fig. 5c).

Contrast Stage 2 “either – or” thinkers’ assessments 
with those of Stage 3 thinkers who use the whole line 
as a reference and locate the numbers (the parts) 
within that distance (Fig. 6). People at Stage 3 may 
also mark the location of 10 and/or 15 on the line, 
a strong indication that they are thinking about 
the parts within and at the same time as the whole. 
Furthermore, Stage 3 thinkers have no erasures on 
their paper because, as Steffe and Cobb noted with 
Stage 3 children, they know their response is correct 
on the first try. 

By far the majority of the assessments revealed a 
correct sense of number relationships on a number 
line. In many of these “correct” number lines, the 
12 appears to be positioned slightly farther to the 
left than it should be. This is likely due to the well-

documented Spatial-Numerical Association of 
Response Codes (SNARC) effect. Researchers found 
that humans judge the distance between two larger 
neighboring numbers (like 12 and 13) to be less 
than the distance between two smaller neighboring 
numbers (like 2 and 3) (Dehaene, Bossini, & Giraux, 
1993; Wood et al., 2008) even though both pairs of 
numbers are the same-sized “1” apart.

Analysis
Recapping the parameters used in evaluating a 

number line for Stage placement:
Stage 1 – The five given numbers are spaced fairly 

equally across the line.
Stage 2 – The five given numbers are spaced 

somewhat proportionally to each other, but not 
proportionally to the entire line on the first attempt. 
Specific Stage 2 indicators on an assessment are: 1) 
the numeral 12 placed left of the midline; 2) 1, 2, and 
5 skewed toward zero and 12 and 17 skewed toward 
20; 3) excessive space between 17 and 20.

Stage 3 – Reasonable spacing of the five given 
numbers on the first attempt, allowing for the SNARC 
effect; no erasures; and, in some results, marking the 
middle of the line as a reference point.

Inter-rater Reliability
When the instructors met to compare their 

individual analyses, there was strong initial 
agreement about which students were Stage 
3. In the Algebra 1 assessments, one reviewer 
classified 215 results as Stage 3; the other 
agreed with 191 of those (89%). When reaching 
consensus on the remaining 24 assessments, only 
3 were moved higher, from Stage 2 to Stage 3. 
There was also strong agreement about Stage 
1: of the 6 in Algebra 1, four were agreed upon 
immediately, and two more by consensus.

Stage 2 was more complicated because of the 
SNARC effect and the variations of error types 
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(see Figure 5). How close to the exact location of 
the number did a student’s placement have to be to 
qualify as Stage 3? Even so, in the Algebra 1 results, 
of the 59 assessments initially placed in Stage 2 by 
one reviewer, the second reviewer agreed with 55 
of those placements, a 93% agreement rate. After 
discussion, a number of results were reclassified. If 
the two instructors could not agree on an example as 
Stage 2 or Stage 3, that assessment was labeled Stage 
2.5. In reporting the results of this assessment set, all 
these uncertain-Stage results were put in the Stage 
3 category. That means the final numbers reported 
here are very conservative. 

Number Line Results
Tables 1, 2, and 3 show the percentages for the 

Stage of the students in each of the three courses. 
The first percentage is for all students who took the 
assessment (ALL). The second percentage includes 
only those students who received A, B, C, D, or F 
grade in the course (A to F grades) and excludes those 
who continued in the course after the census date but 
withdrew (W) prior to receiving a final grade. In fact, 
students who left before or after census had little to 
no affect on the overall percentages. Combining all 
three courses, 77% of those who took the assessment 
at the start of the term were Stage 3; 23% were not. 
At the end of the term, of those who had taken the 
assessment and received a letter grade, 78% were 
Stage 3 and 22% were not.

What is surprising is that there was a higher 
percentage of NOT Stage 3 students in Algebra 1 than 
in the lower-level courses. Looking at each course, 
the percentage of students NOT Stage 3 was 18% in 
Basic Math and 18% in Pre-algebra, while in Algebra 
1 it was 28% . This implies that some students may 
be scoring high on the math placement exam even 
though they lack the background concept of “part-
whole coexistence.”

Stage of Number Sense and Math 
Course Success

Further analysis revealed that there is a difference 
in success rate in these math courses between those 
who have the part-whole concept (Stage 3) and those 
who do not. Success is defined as a final grade of A, 
B, or C. Including only those students who received 
grades of A through F, by a two-proportion z –test, the 
difference in success rate is significant in Pre-algebra 
at p <.1 (p=.085) and in Algebra 1 at p <.05 (p=.039). 
The difference was not statistically significant in 
Basic Math.

Furthermore, letter grades in all three courses 
for students who passed are skewed toward A and 
B for Stage 3 students and toward C for Stage 1 and 
2 students as shown in Figures 7, 8, and 9. Note also 
that the percent of students who withdrew from each 
course after the census date but without receiving a 
grade (W) was higher for Stage 1 or 2 students than 
for Stage 3. 

It is true that students may withdraw for job-
related, family-related, or health-related reasons 
throughout the semester. However, anecdotal 
evidence, including from instructor gradebooks, 
indicated that students who withdraw just before the 
deadline (the end of week 13 of a 15-week semester) 
are more likely not to be passing the course at that 
point. Withdrawing avoids a poor grade. (Note that 
students who withdrew (W) are included in Figures 
7, 8 and 9, making that the total number of students 
different from that in the Tables.) 

“Rules” for Analysis of Future Tests
After the original “eyeball” analysis of the test 

results, a more rigorous analysis of the physical 
data was undertaken. Each marked point on each 
number line was measured by hand to the nearest 
.5 millimeter. When erasures were detected on 
the page, the original point(s) were measured as 
the person’s response. The difference of each point 
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was computed plus-or-minus from the exact ideal 
location of that point on the number line. The ratio 
of the distances between each two neighboring 
points was also computed. The math instructors’ 
visual classification of results was then compared 
with these numbers to attempt to find some general 
rules for reducing subjectivity in future number line 
assessment classification. 

Stage 1 students’ results generally were found 
to have ratios of the distance between neighboring 
numbers that approached 1 in at least three of the 
four comparisons where the ratio should not have 
been 1. This is the “equal spacing” that was noted in 
the visual classifying.

To attempt to find a rule for Stage 3, the Stage 3 
assessments for Basic Math (137) and Pre-Algebra 
(146) were used. The mean of each of the five 
points from those results was taken as a benchmark 
and simple Standard Deviations (SD) from those 
benchmarks were computed. These parameters were 
then applied to the 311 Algebra 1 assessments.

It appeared that a criterion of all five points 
of the assessment falling within 1.5 SD from the 
benchmarks (that first set of Stage 3 means) might be 
a good sorting mechanism for Stage 3. In the Algebra 
1 data, 184 of the 224 assessments identified by visual 
inspection and consensus as Stage 3 (165) or Stage 
2.5 (19) (those uncertain results that were bumped 
to the higher level) meet the 1.5 SD criterion. That is, 
this 1.5 SD criterion sort matches 82% of the visual 
inspection sort. 

These numerical results seem to support the 
trained math instructors’ visual classification as being 
adequate as a quick first look for students at Stage 
1 and Stage 3. 

Stage 2 had no general numerical rule that could 
be deduced from the Stage 3 Standard Deviation data. 
This may be in part because of the variety of errors 
on Stage 2 number lines. Also, only 81 assessments 
from Algebra 1 were classified as Stage 2 by visual 

inspection. That did not provide enough examples 
of each type of error to arrive at measurement-based 
rules for Stage 2 beyond “12 placed left of center.” 
In the Algebra 1 course, 23 of the 81 Stage 2 results 
(28%) met this criterion.

A much larger set of assessments would need to 
be gathered to determine whether these criteria apply 
to the general population. Using newer technology 
(such as a pen that writes on a tablet or computer 
surface) and the GeoGebra software program (which 
can measure the distance between two points on a 
line automatically) a large-scale test would seem to 
be feasible.

Significance
The concept of part-whole coexistence is critical 

for understanding proportions, fractions and 
algebraic relationships. The concept is also central 
to the College and Career Readiness Standards 
(CCRS) (Pimental, 2013) around which the new 
adult high school equivalency tests are built. Students’ 
positioning of non-sequential whole numbers on the 
empty line appears to reveal whether they grasp that 
concept and have arrived at mature number sense. 

The results of this study suggest that over 20% 
of developmental math students in this sample 
have not. This is in line with results from the 2003 
National Assessment of Adult Literacy (NAAL) 
(which included numeracy) showing 22% of adults 
in the United States at below-basic level in math 
(U.S. Department of Education, 2011). The recent 
PIAAC international test of adult numeracy (U.S. 
Department of Education: PIAAC, 2014) indicated 
similar math deficiencies: 30% of American 
adults were below or at Level 1, compared to the 
international average of 19%. 

Remediation
How can this picture be changed? Adult students 

are apt to resist revisiting primary-grade-level 
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concepts (see Figs. 1 & 2) if instruction is undertaken 
in a purely mathematical context.

Effecting conceptual change is more likely to be 
successful when new ideas are linked to students’ 
personal experiences. Below are brief descriptions of 
some of the ways this instructor has addressed key 
concepts, including the meaning of the equals sign. 
Changing students’ understanding of that symbol 
from “operation” to “relationship” (Wheeler, 2010; 
Knuth et al., 2008) is required prior to addressing the 
equivalency relationship implicit in the part-whole 
coexistence and “equal distance” concepts.

1) Equals sign:  Use the full name and nickname 
of several students. On the board, write an equals 
sign between each set of names, stressing “different 
name, same person.”  Follow up with examples of 
equivalent expressions with different operations, such 
as 17 – 9 = 4 x 2 and “different name, same amount.”

2) Part-whole coexistence:  Have students name 
the parts of an object (a chair, a car). Ask if the 
object is complete if a part is missing. Ask if the parts 
continue to exist within the object when speaking of 
the whole object. Follow up with missing addend and 
missing factor word problems with misleading “key 
words.” Encourage students to think of the number 
information in the problems in terms of the part-
whole coexistence relationship.

3) Equal distance between whole numbers: Ask 
students to trace with a finger the spaces between 
the marks of a 1-unit number line at a steady beat 
(Fig. 10). Use a digital metronome (marking equal 
spaces of time) set at the students’ comfortable body 
speed. Be sure students place their tracing finger on 
the zero mark to start. Follow up with lessons on line 
graphs or the coordinate grid, emphasizing the equal 
spaces between the lines, not the digits. 

Suggestions for Further Research
The revelation of the degree to which the two 

concepts, equal distance and part-whole coexistence, 

are lacking in adult students makes this area ripe for 
further investigation. The utility and reliability of 
this number line assessment could be compared to 
that of standard computation-based math placement 
exams when determining a student’s appropriate 
starting point for math remediation and/or course 
placement. Another interesting avenue would be to 
compare number line assessment results with tests 
of critical thinking skills or reading comprehension, 
both of which also require considering the parts and 
the whole at the same time.

The topic of remediation for students lacking 
the concepts is also open for research. What tools 
and materials are most effective? Will whole-class 
instruction work? Does remediation with adults 
need to be one-on-one?

Implications for the Field
Current mainstream adult basic education math 

texts and college developmental math texts do not 
explicitly teach either of the missing concepts, “equal 
distance” and “part-whole coexistence” with whole 
numbers, and that concept’s necessary precursor, 
the equals sign as relationship. It would seem the 
texts assume that adults grasp these concepts. Such 
an assumption may exist in math curricula as early 
as fourth grade, about age 9. That is the age at which 
the brains of students living in the toxic stress of 
poverty (Child Welfare Information Gateway, 2015) 
are perhaps just beginning to grow the connections 
that allow the student to keep two things in mind at 
the same time, a pre-requisite for understanding part-
whole coexistence. This brain growth often happens 
for children living in more secure environments at 
about age 8 (Rueda et al., 2004), which is 3rd grade, 
and seems to be secure for 9-year-olds (Poirel et al., 
2012), which is 4th grade.

As noted earlier, many of these developmental 
math students likely come from low socio-economic 
backgrounds, where toxic stress delays “normal” 
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brain development. Other students may have been 
the youngest in their class (or nearly so), so their 
brain development was later than their classmates, 
the “relative age effect” documented by Bedard and 
Duhey (2006). Whatever the cause, the Stage 1 and 
Stage 2 adult students were not able to grasp the 
concepts when they were presented in the primary 
grades. Until the brain development is there, teaching 
these two concepts is like expecting a color-blind 
person to be able to learn to distinguish between 
lime green and chartreuse. 

The ultimate solution would seem to lie in 
aligning the elementary math curriculum with 
students’ neurological development rather than 
chronological age. The system needs to wait until the 
brain is ready before presenting abstract concepts 
that require part-whole thinking. In the meantime, 
the quick assessment presented here may be a useful 
tool for teachers to determine the true root of many 
adults’ difficulty with part-whole relationships in 
fractions and decimals, and to lead to appropriate 
explicit instruction in those concepts for those 
adults. Such instruction will meet the needs of more 
students and allow them to be more successful in 
math. 

Dorothea A. Steinke, numeracy specialist, has 
worked with math students Kindergarten through 
adults, including as a high-school-equivalency 
math instructor and as a developmental math 
instructor at Front Range Community College, 
Westminster, Colorado until December 2013. A 
LINCS-certified adult education math trainer, she is 
the author of several journal articles and the book 
Rhythm and Number Sense: How Music Teaches Math. 
She currently serves on the board of the Literacy 
Coalition of Colorado.
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Table 1— Percent of BASIC MATH students at Stage 3, Stage 2, and Stage 1

Based on the Number Line Assessment of Number Sense

Basic Math ALL A to F 
grades

NUMBER 179 160

Stage 3 146 81.6% 131 81.9%

Stage 2 17 9.5% 15 9.4%

Stage 1 16 8.9% 14 8.8%

Table 2— Percent of PRE-ALGEBRA students at Stage 3, Stage 2, and Stage 1

Based on the Number Line Assessment of Number Sense

Pre-Alg. ALL A to F 
grades

Number 167 137

Stage 3 137  82.0% 114 83.2%

Stage 2 18 10.8% 14 10.2%

Stage 1 12   7.2% 9   6.6%

Table 3—Percent of ALGEBRA 1 students at Stage 3, Stage 2, and Stage 1

Based on the Number Line Assessment of Number Sense

Algebra 1 ALL A to F 
grades

NUMBER 311 247

Stage 3 224 72.0% 182 73.7%

Stage 2 81 26.1% 61 24.7%

Stage 1 6 1.9% 4 1.6%

For Tables 1, 2, and 3: 
ALL includes students who dropped before census or withdrew with no grade after census. 

A to F includes only those tested who also received a letter grade.
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Figure 1—Stage 1 versus Stage 2 understanding of number relationships

Figure 2—Stage 2 versus Stage 3 understanding of number relationships

Figure 3—Assessment Tool
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Figure 4—Stage 1 Number Line
 
 All numbers nearly equally spaced across the line.

Figure 5—Stage 2 Number lines

 a) Numbers skewed left

 b) Numbers skewed toward ends; 12 left of center

 c) Excess space between 5 and 12; correction of placement

Figure 6—Stage 3 Number Line

 Correct relationship of parts within the whole line.
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Figure 7—Basic Math Grade Distributions

 Figure 8—Pre-algebra Grade Distributions

Figure 9—Algebra 1 Grade Distributions

Figure 10—Sample of number line with guide to trace spaces
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Abstract
In this article, we make the case for the development 
of a numeracy practices measure in the light of a 
review of relevant research and extant measures. 
We argue that a numeracy practices measure would 
acknowledge and validate adult learners’ practice gains 
and inform teaching geared to their circumstances, 
needs and interests.

In New Zealand, there is a robust infrastructure 
supporting adult literacy and numeracy education 
and training. Professional development is built 

around the “three knowings”: know the learner; 
know the demands; know what to do (National 
Centre of Literacy & Numeracy for Adults, 2011). 
Learners’ progress is measured by an online adaptive 
proficiency measure, the Literacy and Numeracy for 
Adults Assessment Tool (TEC, 2016). Adult numeracy 
learners often mention to their tutors that since joining 
a program they work out the cost of shopping, help 
their children with their mathematics homework, 
or perform work calculations and estimations that 
they previously avoided. However, these “practice” 
gains may not be reflected in improved scores on 
proficiency assessments, to the frustration of tutors 
and learners alike. In response, we undertook a project 
scoping the development of a measure of adults’ 
numeracy and literacy practices for the New Zealand 
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Ministry of Education. Our challenge is to find a way 
of measuring such practices in a robust, evidence-
based, culturally-sensitive, ethical, practicable, and 
cost-effective way, in order to inform teaching and 
recognize learning.

Here we outline selected aspects of our work. 
We present a review of relevant literature and set 
out the case for a measure of adults’ numeracy and 
literacy practices before briefly reviewing a selection 
of existing measures which encompass elements of 
numeracy and literacy practice measurement, and 
recommending ways forward.

Measuring Numeracy  
and Literacy Practices

The idea of measuring numeracy and literacy 
practices is gaining traction in various places around 
the world. For example, in the United States, Reder 
(2013) argues that measuring engagement with 
numeracy and literacy practices would be a good 
way of tracking change during and after engagement 
with learning programs, complementing proficiency 
measures. Similarly, Esposito, Kebede, and Maddox 
(2012, p. i), in Mozambique, contend that “measuring 
preferences and weighting of literacy practices 
provides an empirical and democratic basis for 
decisions in literacy assessment and curriculum 
development, and could inform rapid educational 
adaptation to changes in the literacy environment.”

Our focus in this article is primarily on numeracy, 
and we are mindful of the fact that terminology 
around numeracy is complex (Coben et al., 2003). 
Numeracy is often treated as an aspect of literacy in 
research and policy literature, with scant regard to its 
particularities. We contend that numeracy should be 
taken seriously on its own terms, with an equal, rather 
than a subservient relationship to literacy (Coben, 
2006, p. 103). Accordingly, where it is necessary to 
consider both numeracy and literacy in this paper 

we have chosen to reverse the normal order (i.e., 
“literacy and numeracy”) to emphasize this point. 
This is in keeping with numeracy’s emergence onto 
the international stage in recent years. For example, 
“quantitative literacy” was specified as one of “three 
domains of literacy skills” in the Organization for 
Economic Cooperation and Development’s (OECD’s) 
International Adult Literacy Survey (IALS) in the 
1990s (OECD & Statistics Canada, 2000, p. x) but 
more recent international surveys of adult skills have 
specified “numeracy” as an information processing 
skill in its own right. The definition of numeracy 
in the latest such survey, the Survey of Adult Skills 
in the Program for the International Assessment of 
Adult Competencies (PIAAC) is one we find helpful 
because of its orientation towards practice:

Numeracy is the ability to access, use, 
interpret, and communicate mathematical 
information and ideas, in order to engage 
in and manage the mathematical demands 
of a range of situations in adult life. (PIAAC 
Numeracy Expert Group, 2009, p. 55)

The focus on use and engagement in the PIAAC 
definition of numeracy is somewhat at odds with 
the focus in much of the policy literature on adult 
numeracy and literacy as technical skills producing 
human capital outcomes (Keeley, 2007; Sen, 1997). 
Street (1984, p. 29) terms this the “autonomous model,” 
which he characterizes as “supposedly technical and 
neutral.” By contrast, the academic literature on adult 
numeracy and literacy is weighted towards a social 
practice perspective (Street, 1984; Tett, Hamilton, 
& Hillier, 2006). This perspective aligns with what 
Street calls the “ideological model,” in which literacy 
is seen as culturally-sensitive, context-dependent and 
embedded in power relations. Proponents of this 
approach tend to value social capital (Bourdieu, 1976) 
as an intended outcome of public policy. Debate is 
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polarized at best; at worst, it is absent. We cross this 
divide. We see numeracy and literacy as both social 
practices and technical skills, productive of both social 
and human capital. We agree with Schuller (2001) that 
these forms of capital have complementary roles in 
lifelong learning. He contends that the use of social 
capital opens up possibilities for the exploration of 
contemporary paradoxes, such as: the dominance of 
individual choice; policy consensus on the importance 
of lifelong learning; demands for accountability and 
evaluation in the public sphere; and technically more 
sophisticated measurement methodologies. The last 
of these is particularly relevant to our project scoping 
the development of a measure of adults’ numeracy 
and literacy practices. We are interested in what 
adults do with their numeracy and literacy in a range 
of contexts, thus, our approach fits within a social 
practices perspective.

The emergence of a social practices perspective on 
numeracy and literacy is an example of the “practice 
turn” in contemporary social theory (Knorr Cetina, 
Schatzki, & von Savigny, 2005). Writing in this mode, 
Schatzki (2012, pp. 14-15) describes practice as “an 
open-ended, spatially-temporally dispersed nexus of 
doings and sayings” that takes place in a teleological 
hierarchy for which the “practicer” has an end in 
view. He contends that “A practice embraces all the 
activities contained in such teleological hierarchies: the 
activities and states of existence for the sake of which 
people act, the projects, i.e., actions they carry out for 
their ends, and the basic doings and sayings through 
which they implement these projects.” Furthermore, 
“a practice’s activities are organised by practical rules, 
understandings, teleoaffective structures, and general 
understandings.” We consider practice in this light.

Practice necessarily takes place in a particular 
situation so we want to measure ‘situated practice’ 
(Balatti, Black, & Falk, 2006; Hutchings, Yates, Isaacs, 
Whatman, & Bright, 2012; Reder, 2008). Practice is 

also goal-directed, since adults are likely to have a 
reason for improving their skills (Stewart, 2011; Waite, 
Evans, & Kersh, 2014). These goals may be extrinsic, 
such as to improve skills for work, at home or in 
the community, or intrinsic: for self-improvement. 
For example, adult numeracy learners in England 
stated that they attended classes: “to prove that they 
have the ability to succeed in a subject which they 
see as being a signifier of intelligence; to help their 
children; and for understanding, engagement and 
enjoyment;” goals such as gaining a qualification or 
coping better with mathematics in everyday life were 
a minor incentive (Swain, Baker, Holder, Newmarch, 
& Coben, 2005, p. 9). Following Schatzki (2012), we 
characterize numeracy and literacy practice as an 
open-ended, situated, spatially-temporally dispersed 
nexus of goal-directed doings and sayings involving 
numeracy and literacy.

Social practice theories of adult numeracy and 
literacy take a number of forms (Perry, 2012) and 
draw on a range of disciplines with a correspondingly 
wide variety of methodologies. For example, the “new 
literacy studies” (NLS) developed by Street and others 
(Hull & Schultz, 2001) draw mainly on sociology, 
socio-linguistics and anthropology and favor 
ethnographic approaches. As the name suggests, NLS 
is stronger on literacy than numeracy, as Street’s (2003) 
review attests. Lave and Wenger’s (1991) theories of 
situated cognition and communities of practice draw 
on social anthropology and psychology, while cultural 
historical activity theory (CHAT) (Engeström, 2001) 
draws on the work of the psychologists Leont’ev 
(1969/1995) and Vygotsky (1962, 1978). Reder’s 
(1994) practice-engagement theory also draws on 
Vygotsky. Reder contends that literacy skills and 
reading practices develop best within specific practice 
contexts. Practice-engagement theory specifies the 
relationships between “expressed literacy choices/
preferences and perceived social meanings” in a 
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detailed, practice-specific way, emphasizing “the 
patterns of individuals’ access to and participation in 
various roles within as well as across cultural groups” 
(Reder, 1994, p. 59). It acknowledges the possibility 
of continued development or decline of numeracy 
and literacy skills in relation to the affordances of any 
given situation and the individual’s use of numeracy 
and literacy.

Maddox and Esposito (2011, p. 1319) propose 
a “capabilities approach,” in which “literacy can 
be understood not simply as cognitive abilities or 
competencies, but as a set of ‘functionings’ (as beings 
and doings), or the potential to function.” They note 
that the concept of “literacy functionings” is similar 
to that of “literacy practices” in the ethnographic 
literature (citing Street, 1993), drawing attention to 
the social uses of literacy, and the production and 
embodiment of social identities.

These perspectives have generated corresponding 
methodologies and units of analysis. For example: for 
Vygotsky the unit of analysis is individual activity; for 
CHAT researchers it is the activity system (Engeström, 
2001); for researchers working in a situated cognition 
perspective it is “practice,” “community of practice,” 
and “participation.” Street distinguishes between 
“literacy events” and “literacy practices” as units of 
analysis, such that literacy practices are the “broader 
cultural conception of particular ways of thinking 
about and doing reading and writing in cultural 
contexts” (Street, 2000, p. 11), whereas “literacy 
events” are discrete situations in which people engage 
with reading or writing (Heath, 1982). Similarly, 
Barton and Hamilton (1998) describe “literacy events” 
as activities in which literacy has a role. Purcell-
Gates and colleagues (2000, p. 3) define literacy 
events as “the reading and writing of specific texts 
for socially-situated purposes and intents.” In this 
perspective, while literacy practices are unobservable, 
the associated literacy events are observable. This 

distinction is problematic for numeracy since it may 
be invisible to those engaged in it (Coben, 2000; 
Keogh, Maguire, & O’Donoghue, 2012; Noss & Hoyles, 
1996) and ‘numeracy events’ might or might not be 
observable, depending, for example, on whether 
someone uses a calculator, counts on their fingers or 
calculates mentally, or paces out a space rather than 
judging distance by eye.

As Reder (2016) notes, while social practices 
proponents have offered strong critiques of interpretive and 
policy frameworks reliant on standardised test 
scores alone, large scale practical alternatives have 
not been proposed. He argues that this is particularly 
problematic for the development of more effective 
adult numeracy and literacy programs which would 
benefit from richer measures of learner progress 
and program evaluations based on those measures. 
We are seeking to develop such a richer, technically 
more sophisticated measurement methodology, in 
Reder’s (2016) and Schuller’s (2001) terms. In the 
next section we set out the case for such a measure.

The Case for a Measure of Adults’ 
Numeracy and Literacy Practices

Our rationale for the development of a measure 
of adults’ numeracy and literacy practices is evidence-
based, as follows.

1. The development of literacy and 
numeracy proficiency over time is 
strongly associated with adults’ engagement 
in literacy and numeracy practices.

There is evidence from the U.S. Longitudinal 
Study of Adult Learning (LSAL) and elsewhere that 
the development of adults’ numeracy and literacy 
proficiency over time is strongly associated with 
their engagement in numeracy and literacy practices, 
bearing out the prediction of practice engagement 
theory that engagement in numeracy and literacy 
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practice leads to growth in proficiency (Reder, 1994; 
Sheehan-Holt & Smith, 2000). LSAL found that 
“Adults at similar proficiency levels at one point in 
time wind up many years later at different proficiency 
levels depending in part on their earlier levels of 
engagement in literacy practices” (Reder, 2009, p. 47).

2. Educational programs that increase 
learners’ engagement in numeracy 
and literacy practices show improved 
outcomes for learners in terms of 
increased numeracy and literacy 
proficiency and future life benefits.

Of particular interest here is the direction of 
causality demonstrated by LSAL, where “The sequence 
of observed changes makes it clear that program 
participation influences practices rather than vice-
versa” (Reder, 2008, pp. 3-4).

Similarly, research in New Zealand found that 
learners reported changes in their work practices 
stemming from their participation in a workplace 
program, including, for example:

“I don’t have to use my fingers. I can work 
out how many there are on a pallet [when 
multiplying rows of products]”

“I’m now working out the volume of concrete. 
The engineers used to come out, now they just 
double-check it.” 

(Department of Labour, 2010, pp. 56-57)

In Canada’s UPskill initiative, Gyarmati et 
al. (2014) found that when workers developed 
their workplace numeracy and literacy skills they 
were able to transfer them into their wider family 
and community lives, showing improvements on 
behavioral and numeracy and literacy practice 
indicators.

PIAAC data also indicate a relationship between 
proficiency and practice in that:

adults who practice their literacy skills nearly 
every day tend to score higher (sic), regardless 
of their level of education. This suggests that 
there might be practice effects independent of 
education effects that influence proficiency. 

(OECD, 2013, p. 212)  

For Sticht (2013), the PIAAC results confirm 
“the three-way interaction of education, literacy 
skill, and engagement in literacy practices” which he 
terms the “’triple helix’ of literacy development.” He 
explains this term as follows: “By this we meant that 
education produces some literacy skill, that leads to 
more practice in reading, which helps in the pursuit 
of more education, leading to more skill, leading to 
more engagement in reading, and so forth.”

The extent to which numeracy and literacy 
practices build from participation in programs is 
contingent on a range of factors. For example, using 
authentic contexts in learning programs increases 
the likelihood that there will be improvements in 
practices (Purcell-Gates, Degener, Jacobson, & 
Soler, 2002; Reder, 2008). Vaughan (2008) adds that 
learning must be meaningful for it to be practiced 
in a valued way. Adults need to use their learning 
in different contexts, transferring learning from 
education into other contexts such as the workplace, 
a process which requires time and support (Eraut, 
2004). For numeracy, Evans (1999) notes that transfer 
is not dependable but neither is it impossible. He 
recommends designing pedagogic approaches that will 
facilitate transfer, building bridges between practices 
within and outside education. With such factors in 
place, educational programs may ‘jump-start’ adults 
into engaging in numeracy and literacy practices that 
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use and subsequently further develop their numeracy 
and literacy skills.

Accordingly, a practices measure would support 
teaching and learning that is more attuned to the 
type of engagement that research shows is effective 
in building proficiency over the long term (Reder, 
2012). Engagement in numeracy and literacy practices 
is crucial if the numeracy and literacy of those with 
low skills are to improve and adults with the lowest 
numeracy and literacy skills have less opportunity 
than those with higher skills to perform workplace 
tasks that involve numeracy or literacy on a regular 
basis (Dixon & Tuya, 2010). These proficiencies are 
directly relevant to adults’ prospects, wellbeing and 
quality of life (Reder, 2016). LSAL (Reder, 2012), 
UK research (Bynner & Parsons, 2009), and large-
scale international adult numeracy and literacy 
assessments, most recently PIAAC (OECD, 2016a) 
exhibit strong relationships among numeracy and 
literacy proficiency, employment and earnings and 
other positive life outcomes. Numeracy skills decline 
during periods of unemployment, perhaps because 
some numeracy skills are used only at work rather 
than being reinforced through practice in everyday 
life (Bynner & Parsons, 1998).

3. An effective measure is needed to capture 
learners’ progress over the relatively 
short time periods typical of literacy and 
numeracy programmes

The LSAL project in the United States found 
no relationship between change in proficiency and 
program participation “over the relatively short time 
intervals typical of program participation and of 
program accountability and improvement cycles” 
(Reder, 2011, p. 4). Small reported differences may 
be recorded in pre- and post-program tests but 
such proficiency gains can also be made by non-
participants (Reder, 2008). However, LSAL found 

that adult numeracy and literacy programs do “have 
demonstrable impact on measures of literacy and 
numeracy practices” over relatively short time-periods 
(Reder, 2012, p. 5). Similarly, analysis of New Zealand’s 
Assessment Tool data shows little correlation between 
time on-program and proficiency gain in the short 
term (Lane, 2013a, 2013b, 2014). A practice measure 
would fill this information gap.

4. A practices measure could encompass 
numeracy and literacy practices occurring 
as part of adults’ engagement with digital 
technologies.

There is growing recognition of the importance 
of the ability to use technology to solve problems 
and accomplish complex tasks, what PIAAC terms 
“Problem-Solving in Technology-Rich Environments” 
(PS-TRE) (OECD, 2016b). Numeracy and literacy are 
integral to PS-TRE and digital skills more generally 
and engagement with ubiquitous digital technology 
is a feature of many adults’ practices, for example, to 
access products and services online. Potential benefits 
of improving adults’ digital skills include productivity 
gains and facilitating fuller participation in society 
by marginalised groups (Bunker, 2010) and learning 
with and through technology engages and retains 
learners (Davis et al., 2010; Thomas & Ward, 2010). 
A recent UK report highlights the need to increase 
the focus on “digital literacy” skills and for these to 
be seen as complementary to numeracy and literacy 
skills (House of Lords Select Committee on Digital 
Skills, 2015). A practices measure could encompass 
numeracy and literacy practices naturally, as part of 
adults’ engagement with digital technologies.

5. A literacy and numeracy practices 
measure is intrinsically sensitive to 
learner diversity

Because a practices measure focuses on what 
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adults do, it necessarily encompasses diverse learners 
and the diverse contexts in which numeracy and 
literacy are practiced. It should therefore be sensitive 
to cultural and linguistic diversity and differentiated 
power relations (Perry, 2012). It should also be sensitive 
to learning difference, since conditions such as dyslexia 
and dyscalculia may directly affect adults’ engagement 
in numeracy and literacy practices (DfES, 2006).

In summary, we argue that a measure of numeracy 
and literacy practices would give a fuller picture of the 
capabilities of diverse adult learners, complementing 
proficiency data and attuned to the exigencies of 
learning programs. Once practices are measured their 
importance is likely to be recognized by tutors and 
an increased focus on practices in learning programs 
is likely to lead to improved outcomes for learners in 
terms of increased numeracy and literacy proficiency 
and future life benefits.

Is a Measure of Adults’ Numeracy and 
Literacy Practices Already Available for 

Use with Adult Learners?
We reviewed a range of measures incorporating 

numeracy and literacy practices from around the 
world, including those developed for research and 
survey purposes such as UPskill in Canada (Gyarmati 
et al., 2014), LSAL in the United States (Reder, 2012) 
and PIAAC (international) (OECD, 2016b), and for 
pedagogical and/or career-related purposes, such 
as Mapping the Learning Journey (Republic of 
Ireland) (Merrifield & McSkeane, 2005), the Essential 
Skills Profiles (Canada), the Australian Core Skills 
Framework (ACSF) and the Occupational Information 
Network (O*NET) database (U.S.A.). We found that 
extant measures vary widely, reflecting differences in 
purpose, scope, context and target audience. A full 
review of these measures is beyond the scope of this 
paper; in this section we synthesize our findings and 

outline some features of selected measures.
In the research context, various methods 

have been used to gather data on adults’ numeracy 
practices. For example, Street, Baker, and Tomlin 
(2005) investigated the meanings and uses of 
numeracy in school, home and community contexts, 
using ethnographic-style approaches, including formal 
and informal interviews and observations. Brown, 
Yasukawa, and Black (2014) interviewed and observed 
production workers in three manufacturing 
companies using an ethnographic approach 
to understand the complex range of vocational 
knowledge and social skills that may go unrecognised 
by policy makers, lobbyists and managers, and even 
by the workers themselves.

As we have noted above, numeracy may be 
invisible to those engaged in it and some numeracy 
activities are not observable. Noss, Hoyles, and Pozzi 
(2002) addressed this problem in their research on 
nurses’ conceptions of the intensive quantity of drug 
concentration by devising simulations of “breakdown 
episodes” in which the nurses’ routines were disrupted. 
They then developed a task-simulation interview 
schedule to examine the degree of situatedness of 
the nurses’ knowledge and reasoning and to explore 
the relationship between context and knowledge by 
manipulating the mathematical relationships in the 
breakdown episode in ways that varied the discursive 
distance between the simulation and nursing practice. 
They found that nurses’ conceptions were abstracted 
from their professional practice but also limited and 
shaped by their practice.

International surveys have also explored adults’ 
numeracy and literacy practices. For example, Earle 
(2011) categorizes types of work practices involving 
numeracy and/or literacy in his analysis of the OECD’s 
Adult Literacy and Lifeskills (ALL) survey as: financial 
literacy and numeracy (working with invoices and 
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prices); intensive literacy (reading and writing letters, 
emails, reports and manuals); and practical literacy 
and numeracy (reading diagrams and directions, 
writing directions, measuring and estimating size and 
weight, and using numbers to keep track of things).

PIAAC is the most comprehensive international 
survey of adult skills to date and assesses both 
cognitive skills and practices in the domains covered 
(OECD, 2016a). According to William Thorn (2014), 
OECD’s PIAAC Manager, these domains were chosen 
for reasons of efficiency and policy relevance because 
they are generic, i.e., highly transportable and relevant 
to a wide range of contexts and situations. In PIAAC 
cognitive proficiency is scaled through 500 points 
divided into six levels for numeracy and literacy. 
PIAAC also provides information on respondents’ use 
of skills at work and in everyday life, their education, 
linguistic and social backgrounds, participation in 
adult education and training programs and in the 
labor market, and other aspects of their well-being. 
The frequency and types of practices associated with 
PIAAC domains are targeted in the Background 
Questionnaire (OECD, 2010) using multiple items 
applicable to activities in and out of work (OECD, 
2016b). Frequency is measured against five categories: 
never; less than once a month; less than once a week; 
at least once a week; and every day. The OECD 
allows access to the anonymized PIAAC dataset 
with associated tools, providing an opportunity for 
researchers to explore relationships between practice 
and cognitive assessments in the PIAAC domains at 
scale and for specific population groups.

Meanwhile, in the pedagogical/training context, 
in Canada, the Essential Skills Profiles associated 
with UPskill measure frequency of use on a six-point 
scale from “never” to “every day” for nine essential 
skills used in the workplace, at the level of difficulty 
required to perform specified jobs successfully. The 

essential skills are: reading; document use; writing; 
numeracy; oral communication; thinking; digital 
technology; working with others; and continuous 
learning. Each essential skill contains a list of essential 
skills-related example tasks, with complexity ratings 
from Level 1 (basic) to Level 5 (advanced) that vary 
based on the requirements of the workplace. Essential 
Skill Function Overviews describe the purpose and/
or use of each essential skill (except for Thinking) 
(ESDC, 2014). The Essential Skills Profiles can be 
used directly with individuals and can also help build 
research, standards and curriculum.

The Australian Core Skills Framework (ACSF) 
describes the core skills of learning, reading, writing, 
oral communications and numeracy in a five-level 
framework built on a range of theoretical perspectives, 
one of which is “a socio-linguistic and socio-
constructivist view of core skills as complex social 
practices embedded in context, and influenced by 
purpose, audience and contextualised expectations 
and conventions” (Commonwealth of Australia, 2012, 
p. 4). The ACSF can be used as a diagnostic tool to 
assess individuals’ literacy and numeracy skills and 
also as a tool to inform curriculum development and 
for mapping learning programmes and workplace skill 
requirements. In addition to skills/knowledge levels 
it also outlines examples of activities that individuals 
are able to engage in at each of the five levels. ACSF 
thus covers both complexity and frequency of practice.

The Essential Skills Profiles and ACSF are unusual 
in that they include a measure of complexity of 
numeracy and/or literacy practices; most of the 
measures we reviewed cover frequency but not 
complexity. Also, the frequency scales we encountered 
do not capture intensity of practice. For example, 
someone working on costings all day and someone 
else doing so for ten minutes a day would both be 
reported as doing so ‘every day’. We believe frequency, 
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complexity and intensity of numeracy and literacy 
practices are all important and should be measured 
if possible in order to reflect the nature and extent 
of adults’ numeracy and literacy practices.

In summary, our review of existing measures 
did not reveal a measure that we felt could be taken 
“off the shelf ” for use in the New Zealand context.

Concluding Remarks
So, here is the quandary. Measuring proficiency 

in numeracy and literacy is relatively straightforward 
through traditional tests. However, there is likely to 
be little if any improvement in skill levels from short-
term programs (Reder, 2009; Waite et al., 2014). By 
contrast, practices are where learners are likely to 
show improvements in both the short and longer-term 
and engagement in numeracy and literacy practices 
leads to later proficiency gains.

It is for these reasons that Reder (2013) argues 
that measures of engagement with literacy and 
numeracy practices would be a better way of showing 
continuous improvement during and after engagement 
with a learning programme. He does not suggest 
that proficiency measures be dropped, and nor do 
we, rather that practice measures be developed to 
complement them. 

Our scoping study suggests that a range of matters 
will need to be considered in further work to develop a 
measure of adults’ numeracy and literacy practices that 
is valid, reliable, culturally and ethically sound, cost-
effective and practicable for use in busy classrooms 
and workplaces.

In a later ethnographic study we propose to 
explore methodological issues stemming from our 
characterization of numeracy and literacy practice, 
including identifying a methodological framework 
and unit of analysis and considering whether the 
LNS distinction between literacy events and literacy 

practices could work for numeracy.
Frequency, complexity and intensity of practice 

will all be considered in our proposed future research 
and development, as will the possibility of adopting or 
adapting an existing measure for use in New Zealand. 
Meanwhile, the importance of assessment in relation 
to a structured range of complexity of demand is 
highlighted in research on numeracy for nursing 
(Coben & Weeks, 2014). Intensity of practice may 
also emerge as a significant factor in our proposed 
ethnographic study.

Ethical considerations will be important because 
of the need to balance the measurement of numeracy 
and literacy practices with respect for adult learners’ 
privacy. For example, numeracy and literacy feature 
in adults’ engagement in potentially sensitive issues 
concerning health, personal relationships and money. 
We envisage that a proposed practices measure would 
be guided by an ethical framework.

The relationship between a practices measure 
and numeracy and literacy proficiency, as codified 
in the New Zealand adult numeracy and literacy 
infrastructure, will also need to considered. This is 
challenging since we know from LSAL (Reder, 2012) 
that practices and proficiencies are not neatly aligned. 
We shall also consider how the results of a measure 
of adults’ numeracy and literacy practices might be 
used expansively and creatively rather than reductively 
by education and training providers, government 
and funding bodies, employers and adult learners 
themselves to support improved learner outcomes 
(Coben & McCartney, 2016). For such a measure to 
gain traction it will be important that it is not too 
onerous for use in busy learning environments.

In summary, it is clear from the research reviewed 
here that there is a connection between numeracy and 
literacy practices, attendance in learning programs 
and learner outcomes. We suggest that knowing the 
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learner; knowing the demands; and knowing what 
to do (National Centre of Literacy & Numeracy for 
Adults, 2011) would be supported by a measure of 
adults’ numeracy and literacy practices. Developing 
a richer and “technically more sophisticated” 
measurement methodology in Schuller’s (2001) and 
Reder’s (2016) terms, that would acknowledge and 
validate adult learners’ practice gains, inform teaching 
geared to their circumstances, needs and interests 
and complement existing proficiency measures, will 
be a challenging but worthwhile task. 
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Abstract
This article describes the New York City Community of Adult Math 
Instructors (CAMI), a math teachers’ circle founded in November 2014. 
The authors share details about their own participation in CAMI to 
show the professional growth that research-based, peer-led professional 
development can offer for adult educators. 

Adult educators are often expected to teach a wide range of subjects, 
but generally do not have formal training in mathematics 
or mathematics education. According to Ginsburg (2011), 

“few teachers begin their adult numeracy teaching with the skills and 
knowledge needed to design engaging, effective instruction.” Ginsburg 
goes on to make a case for content-based professional development that 
is rooted in active learning and ongoing collaboration. In this article, 
we describe the activities of a math teachers’ circle organized by adult 
education teachers.

There is a tradition of dedicated teachers coming together to 
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form learning communities. ASolange Farina co-
founded the Math Exchange Group (MEG), a teacher 
collaborative of adult educators in New York City 
that met to do math and improve math instruction 
from 1993 until 2012. (Brover, Deagan, & Farina, 
2000). Math teachers’ circles often provide a space 
for teachers to work on non-routine problems for 
which solution paths are not always clear (Fernandes, 
Koehler and Reiter, 2011; Geddings, White, & Yow, 
2015). As a professional development opportunity, 
these circles encourage content exploration and 
connected pedagogical conversations (White, 
Donaldson, Hodge & Ruff, 2013). They have 
been shown to be effective in providing support 
for teachers, promoting the use of problem-solving 
as an approach to teaching mathematics and even 
changing teachers’ views of what mathematics is 
(Donaldson, Nakamaye, Umland, & White, 2014). 

Context
This article discusses the professional 

development approach used by the New York 
City Community of Adult Math Instructors 
(CAMI), of which the co-authors are members. 
Founded in November 2014, CAMI is a peer-led 
group of teachers from adult basic education, high 
school equivalency and college transition. Our 
teachers come with varied mathematical content 
knowledge and teaching experience. Some have 
taught mathematics for years. Other members 
are relearning mathematics they haven’t seen 
since high school. Very few CAMI members have 
degrees in mathematics or math education. An 
average of about eight teachers are present at 
each meeting and, over the last two years, more 
than 50 teachers have come to at least one. In 
general, leadership of the meetings rotates among 
an informal group of eight members, including 
the authors. 

Problem Posing and Problem Solving
When preparing for meetings and choosing 

activities to explore, CAMI facilitators are guided 
by the definition of a mathematical problem as a 
“task for which the students have no prescribed 
or memorized rules or methods, nor is there a 
perception by students that there is a specific ‘correct’ 
solution method” (Hiebert et al., 1997, as cited in 
Van de Walle, 2003). We seek out problems that have 
multiple entry points and are accessible to a wide 
range of learners, while also allowing for extensions 
into more advanced mathematics.

During our meetings, we practice two aspects of 
teaching and learning mathematics: problem posing 
and problem solving. We generally start meetings by 
asking participants to consider a problem and pose 
questions that come to mind. We then brainstorm 
more questions in pairs, discuss them as a group and 
choose questions that we try to answer. We work 
individually for a while in order develop our own 
ideas, then work in small groups before presenting 
solutions to the whole group. The structure of our 
meetings consists of problem posing, problem solving 
and presentation of solutions. We base this approach 
on the teaching of mathematics for understanding 
through problem solving (e.g., Hiebert et al., 1997), as 
well as the success of math circles mentioned above.

To illustrate how we use problem posing and 
problem solving to provide learning opportunities 
for teachers, we describe a meeting facilitated by 
Usha Kotelawala. The other authors, along with more 
CAMI members, participated in the meeting and 
are quoted below. 

A CAMI Meeting
In February 2015 Usha led us through a problem 

posing activity (Brown & Walter, 2005). She asked us 
to explore the series of images below (Billings, 2008). 
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Instead of giving us a specific question to answer, 
she said: “What do you see? Pose a few questions.”

 

Individually, we worked for a few minutes to generate 
questions. This task of coming up with questions, 
but refraining from working on solutions,proved to 
be challenging for some. Solange started to make a 
table of numbers and look for a rule to find the 
number of squares in any figure. As Usha was walking 
around to see the questions that teachers were writing, 
she stopped to talk to Solange.

Usha: “What are you working on?”

Solange: “I want to know the number of 
squares in the nth figure.”

Usha: “Interesting question. Is that the only 
question we could pose? For now, let’s just 
focus on asking questions. We’ll look for 
answers later.”

Participants continued to generate questions. 
We then discussed them in pairs and posted our 
favorites on chart paper at the front of the room. 
Our questions included the following:

How many squares are in each figure?  
What does figure 5 look like? Figure 10? Figure 
100?  
Would figure 5 have an even or odd number of 
squares? What about figure 10?  

What is the perimeter and area of each figure? 
How do the perimeter and area grow for each new 
figure?  
What can we learn by exploring the negative space 
as the figures grow? 
What is the function for the relationship between 
the figure number and the number of 
squares?

Next, Usha had us reflect on the question-
generating activity. This activity allowed us to 
appreciate how many different kinds of questions can 
be posed, and, because they came from us, we were 
invested in answering them. After our discussion Usha 
had us work together with a partner on a question 
that interested us. What follows is a description of 
three presentations shared towards the end of the 
meeting.

Avril and Mark chose to work on the question: 
How would you describe the 19th figure so that someone 
else could draw it?

Avril created a chart focusing on the height and 
width of the figures. She noticed that the height and 
width of each figure is always two more than the 
figure number. So, for figure 2, the height and width 
are both 4.
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From that, she was able to construct the 19th 
figure. Extending her method, she knew that the 
height and width had to be 21. 

The 19th Figure

Mark wanted to answer the question without 
using an equation. He started off by looking at the 
three given figures and seeing what kinds of patterns 
he could find. He broke each figure up into three 
parts: the top row, the bottom row, and the square 
in the middle.

Mark’s Square in the Middle

He noticed that the top row is always one more 
than the figure number and that the bottom row is 
two more than the figure number. He also noticed 
that the middle was always a square with sides equal 
to the figure number. Mark used these patterns 
to write step-by-step directions clear enough for 
anyone to draw the 19th figure. Avril and Mark 
both saw the figures differently, but their approaches 
complemented each other and they were both able 
to describe the 19th figure.

Solange and Eric were interested in the question: 
What can we learn by exploring the negative space as 
the figures grow?

Similar to Avril, they first imagined a larger 
square defined by the height and width: (n + 2)2, 
where n is the figure number. Then they looked at 
the squares that were missing from the larger square. 
They discovered a constant of one missing square in 
the top left corner of the larger square and a missing 
rectangle on the right side, which could be described 
as two times the figure number, or 2n. From this way 
of seeing, Solange and Eric developed a rule for 
finding the number of squares in the nth figure: the 
larger square (n + 2)2, minus the missing rectangle 
(2n), minus the constant missing square (1)—or, as 
an algebraic expression, (n + 2)2 - 2n - 1.

Negative Space in Figure 2
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Tyler, Ida, and Alison worked on the questions: 
Would figure 5 have an even or odd number of squares? 
Is there a way to figure out if the number of squares 
in a given figure will be even or odd?

These teachers saw that the total squares for the 
three given figures was alternating odd, even, odd, 
so they made the generalization that the pattern 
would continue and the fifth figure would have an 
even number of squares. They drew the fifth figure 
and counted its squares to make sure this was true. 

Tyler made a generalization that allowed him to 
calculate the number of squares in any figure: n^2 
+ 2n + 3. He then used the expression to explain 
why an even-numbered figure will always produce 
an odd number of squares and vice versa. “If the 
figure number n is odd, n2 will be odd because the 
square of an odd number is always odd. Two times 
n will always be even. Three is always odd. An odd 
plus an even plus an odd will always be even.”

In her facilitation, Usha asked the three groups 
to present in a particular order, moving from the 
concrete to the abstract (Smith & Stein, 2011). 
We discussed how teachers can use this strategy 
to orchestrate productive discussions of different 
problem-solving approaches in their classrooms. 
We also considered questions that arose from our 
experience as learners: How can we give our students 
more time and space to engage with each other’s 
thinking? How can we help our students adjust to 
the discomfort of non-routine problems?

Supporting Teachers
At a recent CAMI meeting, members wrote 

about CAMI and how it has impacted them 
both as learners and as educators. One member 
explained that participating in CAMI has enriched 
her own mathematical learning: “I’ve deepened 
my mathematical understanding by working on 
problems that push the boundaries of the math I 
know, and I’ve learned so much from seeing other 
teachers’ approaches to problem-solving.” Another 
member pointed out that CAMI puts him in the 
position of being a student: “I have that moment 
where I get anxious and say, ‘She gets it but I don’t 
get it,’ and it’s that feeling that our students face 
every day.”

CAMI helps teachers feel supported in an 
increasingly test-driven adult education landscape in 
which conceptual understanding is often passed over 
in favor of teaching procedural skills. One member 
explained that much of her time now involves 
monitoring Test of Adult Basic Education (TABE) 
results, and so her time spent at CAMI meetings 
is refreshing. As another teacher wrote, “It’s really 
encouraging to remember that there are so many 
teachers out there engaged in the same struggle. 
. . I need constant reminders not to try to cover 
everything.”

Final Thoughts
The ability to teach math improves as content 

knowledge grows (Harel, 2008). In order to improve 
mathematics teaching in adult education, teachers 
must have positive experiences learning the math they 
are teaching now, and then reflect on that learning. 

CAMI provides a space for teachers to become 
learners and model the learning environment that 
we want to create for our students—an environment 
that few of us had in our own math education. For 
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many of us, CAMI is the math class we wish we’d had 
when we were in school and the one we would like to 
give our students: a place where all voices are heard, 
where different levels of mathematical experience are 
welcome, where persistence, curiosity, and elegance 
are valued in equal measure, and where you formulate 
your own thinking and learn from the thinking of 
others. CAMI is a sustainable and replicable model 
of professional development that impacts us in our 
roles as teachers and learners. 

For help starting a math teachers’ circle, visit our 
website—nyccami.org—for math problems, solution 
methods and discussion notes from our meetings. 

nyccami.org
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Stepping Over  
the Line: 

Applying the 
Theories of Adult 

Learning in a 
GED Math Class

By

Lisa Bates

As a child, I loved watching old Warner Brothers cartoons. One 
of my favorite character combinations was Bugs Bunny and 
Yosemite Sam. Invariably, at some point during the cartoon, 

Bugs Bunny would draw a line in the dirt with his foot and say, “I dare 
you to step over this line.”  Yosemite Sam would step over and reply, “I’m 
a-steppin’.”  Bugs Bunny stepped back and drew another line and say, “I 
dare you to step over THIS line.”  Again, Yosemite Sam would step over 
and say, “I’m a-steppin agin.”  This scenario was repeated until Bugs 
Bunny had maneuvered Yosemite Sam to the edge of a cliff or in front 
of an oncoming train. Even though Yosemite Sam was in mortal danger, 
he always took the challenge to step over the line.

In school we are taught to “stay in line” and “color inside the lines.”  
The connotation of stepping over the line is that you have gone too far 
in a negative way. But in my recent experiences of being a new adult 
education graduate student and teacher of a GED Math class, I have 
found a new meaning for “stepping over the line,” and it is turning out 
to be a very good thing.

All of my life there has been an invisible line at the front of each math 
class, whether I had the role of a student or a teacher. The chalkboard 
of my childhood has been replaced by the whiteboard, but it is always 
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the focus of a math class. And the teacher is always 
standing in front of that board. Going to the board as 
a student was often terrifying, and as a teacher it is a 
struggle to get students to solve problems in front of 
the class. So it is common for teachers to become too 
comfortable standing at the whiteboard and talking 
at the students, all the while reinforcing that invisible 
line between the teacher and the students.

In the Master of Arts in Adult Education program 
at San Francisco State University, the graduate 
students are learning Malcom Knowles’ theory of 
andragogy, how adults are more self-directed than 
children, and how adults bring more experiences 
to the classroom (Boucouvalas & Lawrence, 2010). 
The graduate students and the professor sit in a 
circle, discuss and debate in large and small groups, 
and employ facilitation in learning new topics. The 
students have an active role in shaping the course of 
the discussions and readily share their life experiences 
relevant to the topic.

I was determined to try to incorporate some 
of these learner-focused teaching techniques and 
explore ways to adapt them to my GED math 
learners. My primary goal as a new teacher was to 
find ways of getting students to participate more 
in the classroom as a first step towards building 
community and learning to work together. I reasoned 
that if students could present their solutions to the 
class at the whiteboard, then productive student-
to-student discussions about math might follow. 
After a few attempts and failures, I stumbled into 
ways of incorporating facilitation and collaborative 
learning into my math class curriculum that draws 
little lines in the dirt for them to step over. Stepping 
over these little lines leads to increased knowledge 
and greater self-confidence in solving math problems 
as individuals and with other students. And when 
my students learned to cross that line more freely to 
the whiteboard, I learned to cross that line into being 
a student with them. This reflection shows how my 

adult learners and I have created a collaborative and 
supportive learning environment in the classroom 
where we are all solvers of math problems. 

Background
For the 2015-16 school year, the GED morning 

math classes were on Mondays and Tuesdays from 9 
a.m. to Noon. For the GED-Ready math class that I 
taught, the students had to score at least 145 on the 
GED-Ready pre-test. Those students who had scored 
less than 145 were assigned to another class. This 
score cutoff allowed for an even split of the students 
and was appropriate given that a passing score on 
the GED tests was 150. My objective was to cover 
primarily algebra and geometry so the students could 
pass the GED Math Test at the end of the semester.

Getting Students to the Whiteboard
I started off with traditional lectures for the first 

few days in the semester. I spent time getting to know 
their names, and I asked them to read problems out 
of the book to gauge their English language skills. On 
the second day of class, the homework assignments 
began. As I told the learners, in an ideal world they 
would go home and do the homework listed on the 
syllabus before the next class. But in the real world, 
life often gets in the way of homework. So every 
morning thereafter we started off the day doing 
a homework warm-up for 30 to 45 minutes. For 
students who had done the assigned homework, there 
were new problems to try in class. For students who 
did not complete the homework, they had time to 
work on the homework during the warm-up. 

When I first started teaching adult school, I 
noticed that adult students rarely asked questions, 
even though it appeared many did not know what 
to do. So I learned to be specific and I ask, very 
quietly, little questions of students while I circulate 
and look over their work:  What problem are you 
working on?  Have you tried this one?  Did you 
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check your answer?  The first few weeks of class, the 
students appeared awkward and uncomfortable with 
me approaching them at their desks. It took them 
a few days for them to realize that I was trying to 
catch them solving problems right. I praised them 
and pointed out what they are doing correctly and 
asked them to solve another problem like that one. 
When I saw mistakes, I tried to help them understand 
where they got derailed. In the early weeks of the 
semester it is important for me as the teacher to be 
gentle and supportive.

By the third or fourth week, the students were 
comfortable with me circulating during the beginning 
of class. They had heard several of my lectures and 
had seen how I solve problems on the whiteboard. 
Many students were comfortable enough to answer 
questions I posed while I was at the whiteboard. So 
then I started a new conversation as I circulated in 
the warm-up period at the beginning of class. After 
I have reviewed someone’s work I might say, “Hey, 
good job on problem #5!  Would you be willing to 
go to board and show the class how to solve it?”  
Not many were willing, but by then there were one 
or two students who agreed to do it. So up to the 
whiteboard we went, and I stood off to the side if 
the student needed help. The first student wanted 
to just write the solution on the board and then sit 
down. But I encouraged the student to explain the 
steps. And when the student was done, I told the 
class to applaud the brave student. From that point 
forward, the class applauds for every student who 
presents their solutions at the board. 

Once one student goes to the board, there are 
many others who follow. Around week five, I started 
the warm-ups by writing the problem numbers that 
I wanted volunteers to solve in front of the class. 
The students went up to the whiteboard and put 
their names next to the problems they wanted to 
solve. Usually they asked me to check their work 
first because no one wants to make a mistake in 

front of the class. But even on the rare occasion 
when someone did mess up on the whiteboard, we all 
applaud at the end. We all understand that mistakes 
are part of the learning process. I certainly make 
my fair share of mistakes in front of the class, and 
I welcome the students’ observations on what I did 
wrong.

I kept track of which students volunteered to 
go to the board and which students did not. I never 
forced anyone, but if I noticed someone was not 
volunteering, then I spent more time with that 
student during the warm-up. I would find a problem 
that they solved correctly and ask them specifically to 
do solve that problem on the board. By week seven, 
every student had solved a problem in front of the 
class at least once. And I was no longer standing 
off to the side in the classroom while a student was 
presenting a solution on the whiteboard. I was sitting 
at a desk in the middle of the classroom, surrounded 
by the other students.

Promoting Collaborative Learning
Of course, there is more to facilitations than 

getting the students to cross that line and present 
at the whiteboard. Smith (2010) explains that “in 
collaborative learning the instructor values and builds 
upon the knowledge, personal experiences, language, 
strategies and cultures that the learners bring to 
learning” (p. 149). As the semester progressed, I added 
activities that got the students working together 
and used some of the students’ life experiences. For 
example, to introduce the concept of slope for linear 
equations, I talked about the OSHA requirement for 
access ramps, which is “no ramp or walkway shall be 
inclined more than a slope of one (1) vertical to three 
(3) horizontal” (OSHA, 1926.451(e)(5)(ii)). Many of 
my students have had jobs in construction and are 
familiar with OSHA. One of my students, Frank, 
offered tips and tricks about ladder safety to the whole 
class when we started talking about OSHA. For the 
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slope activity, the students were randomly broken 
into groups and were tasked with measuring various 
access ramps around the adult school. After each 
group collected their data and calculated the slopes, 
we compared them to the OSHA requirement and 
discussed the formula for the slope of a line. Working 
together in small groups and allowing students to 
bring their life experiences into the classroom helps 
the students work and think collaboratively.

Learning to work together can produce some 
exciting learning episodes. Late in the spring 2016 
semester, I had assigned the following problem out 
of the Kaplan GED Test 2015 book (p. 397, problem 
4) for the geometry unit:

Eddie had volunteered at the beginning of class 
to solve this problem on the whiteboard during 
the homework review. He split this figure into two 
rectangular prisms by cutting the shape horizontally, 
so one rectangular prism (5 x 5 x 2) was on top and 
another (5 x 9 x 3) was on the bottom. When Eddie 
was done presenting his solution, Monica spoke up 
and said she had done the problem a different way. 
She cut the shape vertically so there was a rectangular 
prism in front (5 x 4 x 3) and a large cube in the back 
(5 x 5 x 5). She asked if her way was easier since she 
was able to apply the formula for the volume of a 
cube. I asked her to come to the board and present her 
solution to the problem and the class would discuss 
the merits of each methodology. Most students agreed 
that both approaches required two calculations so 
both approaches were the same amount of work. 

Then a third student, Fabian, spoke up and said he 
thought of a third way to calculate the volume. He 
wondered if you could think of the figure as one 
giant rectangular prism (5 x 9 x 5) minus a smaller 
rectangular prism (5 x 4 x 2). I suggested that he come 
to the whiteboard and try it out. He was reluctant, 
but Eddie and Monica offered to help him. So I sat 
in an empty student desk and watched the three of 
them work out his idea on the whiteboard. I observed 
the rest of the class taking notes and using their 
calculators. The entire class was engaged and curious 
to see if Fabian’s third solution was also valid. While 
it is tempting as the teacher to make suggestions on 
how to solve a problem, it is much more valuable and 
engaging for the learners to work out ideas together 
and be able to discuss the merits of different methods. 

I have been amazed at the test results of my 
students. For fall 2015, there were 10 students in 
my class for the entire semester. Six students signed 
up to take the GED Math test, and all six passed. 
Ten of my 13 spring 2016 students took the GED 
Math test, and all ten passed the test. While I am 
proud of the students for passing the test, but I get 
the greatest satisfaction as teacher by watching the 
students step over that invisible line to the whiteboard 
and seeing them realize that they can do math. And 
we did it together as a little classroom community. 
It turns out that it is possible for a GED Math class 
to use facilitations and collaborative learning. I am 
as surprised as anyone.

Final Thoughts and Suggestions for 
New GED Math Teachers

• Never give up on a student that appears 
reluctant to present problems on the 
whiteboard. One day that student will 
surprise you by saying yes.

• Be sure to have community classroom 
agreements in place about being respectful 
of each other and do not allow teasing. We 
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can only say positive things in my classroom. 
The little joke that “Mark” might finally pass 
the test hurts even if Mark laughs it off. And 
you might not realize what damage was done 
until Mark suddenly stops attending.

• Do not underestimate the power of applause 
after a student has presented to the class. Keep 
applauding throughout the semester.

• If you stand at the whiteboard and ask if 
the students have questions, they have no 
questions. However, if you ask the students 
to show you the answer on their calculators 
as you walk around and check, you will get 
a lot of questions.

• Try something new in your classroom. You 
might be surprised by the results, but that 
means you are learning too! 
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Abstract
The purpose of this paper is to describe the professional development 
that has taken place in conjunction with Ohio adopting the College 
and Career Readiness (CCR) Standards. The professional development 
(PD) has changed over time to include not only training on the new 
standards and lesson plans but training on the concepts defined in 
the standards. To engage the participants at the PD events, trainings 
have been developed to include PD over time, hands-on activities with 
discovery built into the PD, and specific concepts for a discipline. This 
paper focuses on the changes particularly in the field of mathematics. 
However, there are PD trainings for reading that have been designed 
using the same basic principles. 

Standards and Professional Development
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Standards-based education has been a main 
stead in Ohio since Equipped for the Future 
in the mid-1990’s, before Common Core 

State Standards (CCSS) and College and Career 
Readiness (CCR) Standards for adult education. The 
first standards for Ohio’s adult education program 
for English Language Arts (ELA) and mathematics 
were developed by teams of Adult Basic and Literacy 
Education (ABLE) practitioners. The early ABLE 
standards were based on testing standards such 
as TABE and Ohio’s K-12 standards. In 2009, they 
were revised using testing standards, current K-12 
standards, and adult education standards from other 
states. 

As Ohio reviewed the CCSS for K-12, noticeable 
gaps were evident in the Ohio ABLE standards. In 
2012, the 129th Ohio General Assembly passed House 
Bill 153 establishing a remediation-free status1 and 
ready for college-level work (Ohio Board of Regents, 
2014a). It was evident that more work was needed 
on the standards to create a stronger alignment with 
the remediation-free guidelines from H.B.153. In 
2014 when Ohio adopted the CCR standards, Ohio 
ABLE began aligning the standards with the CCR 
standards for adults and creating a crosswalk to the 
CCSS for K-12. 

A group of trainers from the Professional 
Development Network (PDN) for Ohio ABLE 
programs attended institutes offered by the 
Office of Career, Technical, and Adult Education 
(OCTAE). At the institute, the participants were 
introduced to the CCR standards. As part of 
the training, the trainers unpacked the standards 
and worked with the content to better understand 
the nuances of the standards. After the institute, the 
trainers aligned the Ohio standards with the CCR 
standards. 

In order for local practitioners to know the 

content of the newly adapted standards, the PDN 
created two main documents the Ohio Board of 
Regents ABE/ASE Standards, listing the standards and 
providing an explanation of the numbering system, 
and the Crosswalk of 2014 and 2009 Ohio Standards, 
showing the difference between the standards. The 
numbering system provided a way to connect the 
previous Ohio ABE/ASE standards to the CCR 
standards. The numbering system consisted of a 
content area such as algebra (A) or geometry (G), 
an NRS Educational Functioning Level (EFL), and 
a benchmark number. These documents were used 
to assist the local program providers in “retrofitting” 
old lesson plans to new lesson plans that were aligned 
with the newly numbered standards.

Table 1 shows a portion of the crosswalk between 
the 2014 ABE/ASE benchmarks based on the 
CCR standards and the 2009 ABE/ASE benchmarks 
based on the K-12 standards. The 2014 ABE/ASE 
benchmarks were more detailed and moved higher 
level skills to lower EFLs as evident from the M.3.11 
benchmark (mathematics, level 3, benchmark 11) 
from the 2009 standards being placed as D.2.3 (data 
[measurement and data], level 2, benchmark 3) in 
the 2014 standards. 

In implementing standards, it is important to 
translate them into curriculum and lesson plans (U.S. 
Department of Education, 2013). In doing this, many 
opportunities for professional development were 
developed to ensure that the local program staff know 
and understand the standards, have lesson plans that 
address the revised standards, and can provide more 
engaging lessons.

Professional Development
The research in professional development suggests 

that one-stop workshops are not as effective as training 
over time. In a report for the Center for Public Education, 

1 Remediation-free status is a threshold above which a student would not need additional assessment or need consideration 
for placement into remedial coursework. 
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five principles for professional development have been 
identified to create meaningful professional development.

1. The duration of professional development must 
be significant and ongoing to allow time for 
teachers to learn a new strategy and grapple with 
the implementation problem. 

2. There must be support for a teacher during 
the implementation stage that addresses the 
specific challenges of changing classroom 
practices.

3. Teachers’ initial exposure to a concept should 
not be passive, but rather should engage 
teachers through varied approaches so they 
can participate actively in making sense of 
a new practice.

4. Modeling has been found to be highly effective 
in helping teachers understand a new 
practice.

5. The content presented to teachers shouldn’t 
be generic, but instead specific to the discipline 
(for middle school and high school teachers) 
or grade-level (for elementary school 
teachers). (Gulamhussein, 2013)

These principles suggest that engaging and 
specific PD over time would be more effective 
than the one-stop workshop. Changing practice is 
difficult and it takes time and effort to implement a 
new practice in the classroom (Guskey, 2002). The 
philosophy for professional development in Ohio 
is “to assist ABLE program staff in developing the 
skills and knowledge in order to provide high-quality 
educational services to assist students in acquiring 
skills to be successful in postsecondary education/
training and employment” (Ohio Board of Regents, 
2015). To that end, Ohio has been revising the PD for 
the teachers to reflect not only the CCSS and CCR 
standards but also the basic principles of effective PD.

The professional development in Ohio over 
the last two years has focused on three areas: 
understanding standards, retrofitting lesson plans, 

and building both instructional practices and content 
knowledge through academies, cohort style trainings, 
blended learning, and virtual office hours. 

Understanding the Standards
The PDN developed a webinar that reviewed the 

revised ABE/ASE standards and discussed how they 
related to the previous ABE/ASE standards. The first 
activity involved discussing the renumbering of the 
ABE/ASE standards and how the renumbering could 
be used to provide a quick navigation. In doing this, 
the trainers pointed out the emphasis that is being 
placed on the revised ABE/ASE standards to prepare 
the students to postsecondary education and training. 
The participants were then led through an exercise 
that took the newly revised ABE/ASE standards 
apart to note how they were similar to the previous 
ABE/ASE standards. The unpacking of the standards 
assisted the participants to better understand the 
skills and concepts needed to address the benchmark 
by focusing on the skills, concepts, contexts, depth of 
knowledge, and a sample activity. Table 2 shows the 
template used to unpack the standards. Following 
the webinar, the teachers were assigned a team and 
a set of standards to unpack. This training provided 
the background for the local program staff to be able 
to “retrofit” lesson plans.

In working with the standards, the biggest 
concern of teachers is how to possibly cover all 
the standards. To address this concern, priority 
benchmarks were identified. The priority benchmarks 
are a subset of the benchmarks that cover the 
essential content for the educational functioning 
level. For example, for Educational Functioning 
Level 3 in mathematics there were 69 standards 
for mathematics of which 28 priority benchmarks 
were identified. Priority benchmarks were identified 
using the criteria of endurance, leverage, readiness, 
and cumulative power (Ohio ABLE Professional 
Development Network, 2014b). Priority benchmarks 
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focus on the skills that are essential to a student’s life 
beyond the classroom. The priority benchmarks can 
be applicable to other content areas and/or prepare 
the student for the next level by including other 
benchmarks. Using priority benchmarks to identify 
the essential skills did not eliminate any skills to be 
included in the instructional process. For example, a 
priority benchmark for reading is (Ohio Professional 
Development Network, 2014c):

R.1.3. Read with sufficient accuracy and 
fluency to support comprehension. 

f. Read grade-level text with purpose and 
understanding. 

g. Read grade-level text orally with accuracy, 
appropriate rate, and expression on 
successive readings. 

h. Use context to confirm or self-correct 
word recognition and understanding, 
rereading as necessary. 

This benchmark can be used for social studies and 
science as well. An example of a priority benchmark 
for mathematics is (Ohio Professional Development 
Network, 2014b):

D.2.5. Draw a scaled picture graph and a 
scaled bar graph to represent a data set with 
several categories. Solve one- and two-step 
“how many more” and “how many less” 
problems using information presented in 
scaled bar graphs. For example, draw a bar 
graph in which each square in the bar graph 
might represent 5 pets. 

Once the local program staffs were exposed to 
the CCR standards, the focus turned to translating 
the standards into lessons for the students. The next 
focus of the PDN was retrofitting current lesson plans 
to the new standards.

Retrofitting Lesson Plans
Another concern of teachers is do they have to 

write new lesson plans since the ABLE programs 
in Ohio had already existing lesson plans built on 
the previous ABE/ASE standards. It was important 
to try to keep the current lesson plans and retrofit 
them for the revised ABE/ASE standards. Previously 
used lesson plans were reviewed and kept, if possible, 
while updating the references to the CCR standards. 
Besides updating the references, lesson plans were 
revised to expand the student engagement of the 
lessons and to include the practices described in the 
revised ABE/ASE standards. The PDN spent hours 
working with local program staffs to create lesson 
plans that were useful and addressed the priority 
standards. The work on lesson plans was completed 
on planning time from the local programs. 

The hours spent on the PD included virtual office 
hours, webinars, and PDN staff time reviewing the 
revised lesson plans. The hours spent were important 
so that the local program staffs understood the CCR 
standards and understood how they relate to the 
previous Ohio ABE/ASE standards. The retrofitted 
lesson plans that were vetted by the PDN staff are 
housed in the Teacher Resource Center (TRC) which 
can be found at www.ohioable.org/TeacherResources. 
There are over 200 lesson plans ready for use in the 
ABLE classroom and over 2,000 resources referenced. 

An example of the beginning of a pre-retrofitted 
lesson (J. Franks, personal communication, 
September 21, 2016) can be seen in Figure 1. The 
beginning of the retrofitted lesson plan follows 
in Figure 2 and Figure 3 from Ohio Professional 
Development Network (2014d).

The retrofitted lesson plan includes two 
additional steps in the process. Step 6 extends 
the Pythagorean Theorem to three-dimensional 
items. The first part of Step 6 is shown below (Ohio 
Professional Development Network, 2014d):

Step 6 – Students have been working with 
two-dimensional shapes and can now begin 

www.ohioable.org/TeacherResources
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to think three-dimensionally. Share these two 
problems with students. Use classroom 
technologies (Smart Board, etc.) available to 
display the problems and images. Teacher 
can model a think-aloud working through 
the problem, then students can work in pairs 
or individually to solve the second problem.

Problem 1—Rectangular Storage Unit 
The dimensions of a rectangular storage 

unit are 4ft x 
8ft x 2ft. What 
is the length of 
the longest pole 
you could fit in 
the rectangular 
storage unit? 

Calculate the length to the nearest tenth.

Rectangular Storage Unit Answer: 9.2 feet 

Step 7 extends the lesson to real world problems 
(Ohio Professional Development Network, 2014d): 

Step 7 - Provide practice using the Pythagorean 
Theorem in real world problems. There are 
2 problems included at the end of the lesson 
that provide good practice. In addition, 
investigate Pythagorean Theorem problems 
on the GED test. Have pairs of students solve 
each problem. Discuss as a class the clues 
that “told” them the problem required using 
the Pythagorean Theorem. Brainstorm with 
the students situations where right triangles 
occur, both in two and three dimensions:

• Amount of wire needed to run from the 
top of a pole to a point 6 feet from the 
base of the pole

• Straight line distance between locations 
on roads that are perpendicular to one 
another

• Diagonal distance of a rectangular 
picture frame or a TV—how screens are 
measured

• Length of a ramp when you know the 
height and linear distance it covers

• Diagonal distance across a park
• Area of a lot
• An octagon shaped deck
• A ladder against the side of a house
• Length of the ramp for a moving truck

The retrofitted lesson example provides the theory 
behind the Pythagorean Theorem and provides real 
world application. The lesson extensions add depth to 
the lesson through discussion, practice, and problem 
solving.

Building Content Knowledge
Mathematics has been a particularly challenging 

content area. Only a few of Ohio’s ABLE teachers 
are math majors. It is important that PD helps build 
their mathematical skills and understanding so that 
teachers are ready for the classroom. 

Ohio began reviewing the existing mathematics 
PD to see if the trainings are addressing the key shifts 
in mathematics standards. The three shifts are focus, 
coherence, and rigor. The focus of the standards is to 
narrow and deepen the knowledge base to provide 
a strong foundation for the students. Coherence is 
a shift to create logical progressions in the content 
within and across levels. Rigor is a shift to equal 
measures of conceptual understanding, procedural 
skill and fluency, and   application of mathematics in 
real world contexts (U.S. Department of Education, 
2013). 

The CCR standards for mathematics were divided 
into two parts: Standards for Mathematical Practice 
and Standards for Mathematics Content. Some of 
the Standards for the Mathematical Practices are 
making sense of problems, reasoning abstractly 
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and quantitatively, constructing viable arguments, 
modeling mathematics, attending to precision, 
looking and using structure, and looking for and 
expressing regularity. These practices help to engage 
students in doing mathematics. (Ohio Board of 
Regents, 2014b) The Standards for Mathematics 
Content suggests that the students need more content 
to be ready for college and for a career. The revised 
ABE/ASE standards particularly at the upper levels 
delve into more algebra by solving for equations 
and inequalities and using data to understand the 
relationship of two categories. 

The PD that was previously developed needed to 
be refocused on instructional shifts, mathematical 
practices, and the expanded content of the standards. 
Using the current content as the basis for the PD, the 
instructional shifts and standards for mathematical 
practice were woven into presentations.

It was clear that in many cases PD offered 
disjointed content without the rigor of understanding. 
In many instances, PD was presented in one day with 
various topics being presented quickly to “get in” the 
most topics possible. The former PD conducted in 
Ohio was more typical of a mathematics classroom 
with the presenter building mathematical knowledge 
but not necessarily engaging the teachers using the 
mathematical practices. Professional development 
that involves the mathematical practices guides 
teachers in better understanding the mathematical 
concepts and skills. It is necessary to build the 
knowledge of mathematical practices of the teachers 
so the PD in Ohio becomes two-fold: teaching the 
content that the teachers need to know and using 
the mathematical practices that will aid in better 
understanding of the concepts.

An example of the type of PD that was developed 
is “Math Instruction in Action.”  This PD focuses on 
the basic mathematics needed for college and career 
preparation. In this training, there is instruction 
on percent, algebra, geometry, and data. The PD 

focuses on participant engagement. For example, 
the comparison of the volume of two geometric 
shapes was demonstrated through an activity that 
showed physically the difference in the volumes. 
Discussion ensued after the activity which provided 
a deeper understanding of what affects the volume of 
a shape. The participants in the training were able to 
rediscover the volume relationship. This was, to many 
participants, the first time they enjoyed mathematics. 
Doing mathematics and not just seeing mathematics 
takes the teachers into the area of exploration. The 
techniques learned made math more alive to the 14 
teachers who participated. Some of the teachers even 
said that this is the first time they actually understood 
the concepts behind the procedures. Several teachers 
indicated that it was difficult to pick just one item that 
was most helpful. All the ideas and materials will be 
used to make the class more engaging. If this would 
have been a previous training, the content would 
have been presented with a demonstration of the 
concepts but there may not have been time for the 
participants to “get into” the mathematics. The one 
drawback is that “Math Instruction in Action” is a 
one-day training. The possibility of expanding it to a 
multi-day training with follow-up activities to align 
with the principles of effective PD is being explored.

Another example of PD that Ohio has used is 
the LINCS training, Adult Numeracy Instruction 
(ANI). The training deals with many hands-on 
examples of the mathematical practices in relation 
to mathematical content that is at an intermediate 
level. The trainings take place over time as three two-
day trainings. To date, three cohorts have completed 
the training totaling 55 participants. This represents 
approximately 59% of the 56 ABLE programs in Ohio. 
The acceptance of this intense training was a surprise. 
The teachers who have gone through the training 
are telling other teachers that they should attend. 
Engaging activities are the key for this training. It 
is important that there be pairs of teachers coming 



51Practitioner Perspective

Standards and Professional Development

from the same program so that the teachers have 
support for the changes that they will need to do in 
their own classroom. In addition, the local program 
administrator needs to support the efforts of the 
teachers in applying the new knowledge and skills 
to their practice. In supporting the teachers, the 
administrators can give the teachers “permission” 
to try things differently. This support will help the 
teacher to practice their new skills and to try other 
pedagogical techniques with their students. During 
the last session of the ANI trainings, the trainers ask 
about suggestions for what comes next. In addition 
to the local program support, the teachers asked 
for more PD like ANI to update the skills that they 
learned and to extend their mathematical skills. They 
also asked for ANI-type trainings for other subjects 
and to have regular meetings to discuss and reinforce 
their skills.

Once the teachers go back to their classrooms, 
they are continuing to use ANI-type lessons to engage 
the students as illustrated from the comments from 
an informal survey to the participants conducted 
in April, 2016. One administrator said that more 
time is spent developing lessons for the entire class 
to engage in the math as opposed to just presenting 
to the class and hoping that the lessons reach them. 
Another administrator said that teachers are using 
the skills in the classroom, especially using more 
group work and pairing students of different levels 
in differentiated learning classes. One teacher stated 
that the algebra pattern that she uses often is the 
“why” of positive and negative multiplication results. 
By following patterns, the students actually see why 
this is the case, not just memorizing a rule. Another 
teacher encourages the students to communicate 
about mathematics by explaining how they got an 
answer either verbally or in writing. In addition, the 
students like the new focus of the lessons and are 
more engaged in mathematics and are coming back 
for math class. 

Ohio ABLE is researching other trainings to 
expand on the current set of offerings. One such 
training is the Adults Reaching Algebra Readiness 
(AR) 2 through the Adult Numeracy Center at TERC. 
This training is an extension of the ANI training 
that has already been successful in Ohio. (AR) 2 
attendees work with linear functions and progresses 
to system of equations. The focus is always how does 
mathematics relate to real-life (Adult Numeracy 
Center at TERC). After just the first session, the 
teachers are said to have enjoyed the training and 
are eager to take part in the next session. 

An example of ELA training that is being 
delivered over time is “How to improve Students’ 
Reading Comprehension by Increasing Their Skills in 
Alphabetics, Vocabulary, and Fluency.” This training 
is taking place from September 2016 to February 2017 
and consists of one face-to-face training, a series of 
short online courses, and a few live webinars. It is too 
soon to tell how well it is accepted and if the teachers 
will accept this type of reading PD.

Conclusion
As the CCR standards have been adopted by 

Ohio, it is important that the Ohio Department of 
Higher Education ABLE Program Office and the 
PDN continue to provide on-gong support to ABLE 
teachers and administrators. The CCR standards 
require PD to help the teachers understand the 
standards and to build their expertise in the content 
area. It is also important to provide the teachers with 
resources so that they have the materials to use in 
the classroom. On-going PD takes time to develop. 
However, the result of developing webinars, hands-on 
activities, and publications provides a broader scope 
of training to more local program staff. 

This effort to prepare the teachers for the CCR 
standards has taken and is taking time, expertise, 
and money. Just like the commitment teachers make 
to do something differently, the Ohio Department 
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of Higher Education ABLE Program Office had to 
think differently. Financial resources were adjusted 
to bring in experts or to develop the expertise within 
the current state PDN structure. The “one-day and 
done” training was not as effective as training that 
takes place over time. This involved having the 
expertise of the trainers being used for a longer 
time with the same participants. But the time and 
effort of the PD staff is paying off. Teachers are using 
the mathematical practices they experience and are 
changing their own practice. 
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Table 1—Crosswalk of 2014 Benchmarks with 2009 Benchmarks

2014 ABE/ASE Benchmark 2009 ABE/ASE Benchmark

D.2.1. Measure the length of an object twice, 
using length units of different lengths for the 
two measurements; describe how the two 
measurements relate to the size of the unit chosen. 
(2.MD). 
D.2.2. Estimate lengths using units of inches, feet, 
centimeters, and meters. (2.MD.3)
D.2.3. Measure to determine how much longer 
one object is than another, expressing the length 
difference in terms of a standard length unit. 
(2.MD.4)

M.3.11 Make, record and interpret measurements 
of everyday figures.

D.2.4. Draw a picture graph and a bar graph (with 
single-unit scale) to represent a data set with up to 
four categories. Solve simple put-together, take-
apart, and compare problems using information 
presented in a bar graph. (2.MD.10)

M.2.16 Create and interpret pictographs and bar 
graphs.

Ohio Professional Development Network (2014a)

Table 2—Unpacking the Standards Template

Standards Key 
Knowledge & 
Skill

Concepts Particular 
Context

Cognitive 
Demand

Sample 
Activity

State the 
standard

What skills 
are students 
expected to 
know?  (verbs)

What 
information or 
ideas should 
the learner 
know? (nouns 
and noun 
phrases)

What are the 
circumstances 
in which 
students are 
required to use 
the skills and 
concepts?

What is the 
Depth of 
Knowledge 
level for this 
standard?

What kinds of 
activities have 
you used or 
seen used in 
the classroom 
with a good 
effect?  

U.S. Department of Education (2011)

2.MD
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Figure 1—Kent State University, Eureka! Database
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Figure 2—Retrofitted Eureka! Lesson Plan
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Figure 3—Retrofitted Eureka! Lesson Plan continued
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In light of U.S. adults’ dismal performance on 
the recent PIAAC numeracy assessment, we 
certainly have to improve math and numeracy 

instruction in all sectors of our society. Sixty percent 
of American adults scored lower than Level 3 of 5 
numeracy levels, with 20% scoring at Level 1 and 
9% scoring below Level 1 (based on a nationally 
representative sample of 5,010 adults). A larger 
percentage of the adults scored at the lowest levels on 
the numeracy assessment than on the lowest levels 
of the literacy assessment, indicating a particularly 
urgent need to address numeracy. Twenty-four 
countries participated in the PIAAC assessment 
program; the US numeracy scores were third from 
the bottom (better than only Italy and Spain) and 
significantly below the international average. (OECD, 
2013). 

Other data confirm that mathematics is a 
particular challenge for adults. One study found that 
59% of entering community college students were 
required to take at least one developmental math 
course based on standardized placement tests; only 
33% completed their assigned sequence of courses. 
In contrast, 33% of entering students were required 
to take at least one developmental reading course 
and 46% completed their assigned sequence (Bailey, 

Jeong, & Cho, 2009). Historically, the annual reports 
from the high school equivalency test companies have 
revealed higher failure rates for their mathematics 
assessments than for the other tests in the battery. 

The data described above address two sides of 
the challenge facing adult educators. The PIAAC 
assessment focused on numeracy and addressed 
adults’ ability to manage and respond to situations 
in everyday life, work, society and further study, by 
identifying, acting upon, interpreting, evaluating, 
and communicating embedded mathematical 
information and ideas (PIAAC Numeracy Expert 
Group, 2009). In the community college study, the 
standardized placement tests, such as the Accuplacer, 
typically present mathematics questions that 
resemble traditional school-like tests, focusing 
on symbolic manipulations without meaningful 
contexts. 

While “mathematics” is seen as an organized 
body of content that is school-based, abstract and 
decontextualized, “numeracy” may be less clearly 
defined. Most definitions of numeracy emphasize 
“situatedness” that encompasses the mathematical 
components and personal dispositions, reasoning 
and practices that individuals purposefully use in 
their personal, social and work-related activities. 

What’s an Adult Numeracy Teacher to Teach? 
Negotiating the Complexity of Adult Numeracy Instruction

Lynda Ginsburg
Rutgers University

FORUM: THE CHALLENGES OF ADULT NUMERACY
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Robert Orrill contrasts numeracy and mathematics, 
explaining “unlike mathematics, numeracy does 
not so much lead upward in an ascending pursuit 
of abstraction as it moves outward toward an ever 
richer engagement with life’s diverse contexts and 
situations” (2001, p. xviii). 

As adult educators, we have long been aware that 
the K-12 educational system has not been effective for 
many people. While improving adults’ mathematics 
and numeracy must be a high priority, educators 
who strive to address their learners’ educational gaps 
and needs are finding themselves in an environment 
of competing priorities and expectations that can 
be expressed as mathematics numeracy education. 
What should guide the content of math/numeracy 
instruction in the midst of competing priorities 
emanating from the US Department of Education, 
federal and state legislation, research, adult education 
programs or agencies, and from our learners?

Standards and Regulations

College and Career Readiness Standards
In 2011, the U.S. Department of Education 

released the College and Career Readiness 
Standards (CCRS) and has been supporting their 
implementation with technical assistance projects. 
These Standards are derived from the Common 
Core State Standards for K-12, and primarily 
include standards from grades 2 through 8. To 
me, the most significant aspect of the CCRS is the 
emphasis on developing deep understanding of 
mathematics through using representations such 
as number lines and drawings and by emphasizing 
the importance of students explaining and justifying 
their reasoning as well as identifying patterns and 
repeated reasoning. The CCRS explicitly state that 
conceptual understanding, procedural skills and 

fluency, and application should all be pursued with 
equal intensity (p.44), although the standards provide 
little guidance on “application” strategies, methods, 
or approaches.

Since the release of the CCRS, many programs 
have encouraged teachers to examine the standards 
and revise lessons so that they are aligned with 
the standards. One hopes that instruction is truly 
reoriented from a focus on mastering procedures 
and meaningless routines (e.g., “keep-change-flip” 
as a procedural mnemonic for dividing fractions) 
to explorations of how dividing fractions is related 
to and different from dividing whole numbers, 
how multiplying and dividing fractions are related, 
and when/where the operations are used. While 
it is easy to make superficial changes to lesson 
plans by including identifying numbers of CCRS 
Mathematical Practices and Content Standards, 
actually developing deep conceptual understanding 
during lessons is quite a bit more difficult. 

Indeed, some adult education teachers may not 
feel prepared to help learners develop conceptual 
understanding because they may not have that 
understanding themselves. Many adult educators 
teach all subjects to their learners and feel more 
confident and competent developing literacy skills. 
Their own educational backgrounds and work 
histories may not have focused on mathematics. A 
national survey in 1994 found that while more than 
80% of adult students receive some math instruction, 
less than 5% of adult education teachers are certified 
to teach math (Gal & Schuh, 1994). While this survey 
was completed more than 20 years ago, I would 
doubt the findings would be much different today.

Workforce Innovation and Opportunity 
Act

The 2014 Workforce Innovation and Opportunity 
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Act (WIOA) promotes workforce preparation and 
postsecondary education as the “core purpose” 
of federally-funded ABE/ASE programs (U.S. 
Department of Education, 2014). Many of the 
reporting requirements focus on employment 
status and post-secondary educational targets. Thus 
program and agency funding will likely be tied to 
these priorities.

Adult education programs are expected 
to develop partnerships with workplaces and 
industry organizations. To me, this assumes that 
the adult learners should be preparing for entry 
or advancement in work settings and/or preparing 
to enter a work-related certificate program. These 
expectations imply that the content of adult math/
numeracy instruction should be informed by the 
needs of and preparation for particular employment 
sectors. 

Of course, different jobs and industries require 
particular bodies of mathematical content knowledge 
and may have particular ways of applying that 
knowledge. For example, construction workers likely 
need to have an understanding of geometry including 
shapes and angles, fractions, and proportional 
reasoning so they will be able to read and interpret 
blueprints, measure accurately, and use their 
materials efficiently. 

Some twenty-first century production workers 
may be working on computers, requiring complex 
work practices using computerized modeling 
software and a different type of work-team 
environment. Yasukawa, Brown, & Black (2013) 
report on a group of production workers who 
manipulate and adjust three-dimensional images 
of hearing aid shells to fit individual’s ears while 
making sure the electronic components can be placed 
appropriately. Like the construction workers, these 
workers are also using their spatial skills, but their 

job preparation required the development of “techno-
numeracy skills.” They require fewer traditional 
numeracy skills than what might be “learned” in an 
educational setting where math instruction is guided 
by the College and Career Readiness Standards.

Additional research has explored the 
mathematical practices and understanding of 
bank workers (Kent, Noss, Guile, Hoyles, & Bakker, 
2007; Noss & Hoyles, 1996), nurses (Hoyles, Noss, 
& Pozzi, 2001; Marks, Hodgen, Coben, & Bretscher, 
2015), and workers in a variety of other sectors 
(FitzSimons, 2013). Findings consistently show that 
mathematical activity is deeply embedded within the 
work and is often practiced using procedures that 
are idiosyncratic to the workplace and that are often 
learned informally from coworkers. Indeed, Keogh, 
Maguire and O’Donoghue (2014) state, “mastery of 
routine mathematics alone was a poor indicator of 
a person’s ability to ‘do the job’ (p. 85). 

These descriptions of the rather narrow math 
content that is used in various workplaces and how 
that math is used, lead to the conclusion that if adult 
education is to propel people into the workplace 
or toward workplace training programs, then the 
math that is taught should be closely aligned to the 
particular employment sector. It follows, then, that 
adult numeracy teachers will need to be intimately 
familiar with the local industry sectors and the 
mathematical content and numeracy practices 
involved in their work. 

To me, these two simultaneous emphases of 
implementing the CCRS and preparation for the 
local workforce present a powerful challenge for adult 
math/numeracy instructors. On the one hand, the 
instructors are expected to teach all mathematical 
content areas (numbers and operations, algebra, 
geometry and data and statistics), emphasizing 
meaning and understanding. On the other hand, 



60    Journal of Research and Practice for Adult Literacy, Secondary, and Basic Education  •  Volume 6, Number 1, Spring 2017

Ginsburg

instruction must also prepare learners for the 
numeracy demands of particular workplaces. 

Indeed, the construction employer might expect 
employees will be able to order fractions, at least 
those in everyday construction work (maybe halves, 
thirds, fourths, eighths, sixteenths and thirty-seconds, 
but maybe not care about fifths, sevenths, ninths or 
seventeenths), but would the hiring manager at the 
bank care about that knowledge? That hiring manager 
might appreciate an employee’s understanding of 
exponents and compound interest, but not 
necessarily an employee’s understanding of the 
impact on the volume of a cylinder of increasing 
the radius.

And yet, the CCRS and WIOA are not the only 
drivers in adult education. 

Other Factors

High School Equivalency (HSE) Tests
Currently, there are three High School 

Equivalency Tests being offered across the country. 
As mentioned above, many adult students continue 
to struggle to pass the mathematics tests. The content 
of the HSE math tests is said to be aligned with the 
current standards, with a strong emphasis on algebra. 

While WIOA does not seem to prioritize 
attainment of a HSE credential as a primary goal, a 
high school diploma or HSE credential is generally 
required to gain access to a work-related certificate 
program, acceptance to higher education, or even 
as a minimum educational requirement for many 
jobs. I once spoke to a 50-year-old laid off truck 
driver who enrolled in an adult education program 
because he could not get hired to do the same work 
he had done successfully for over 30 years without 
having a high school diploma. 

At initial entry to many adult education 

programs, learners are often led through goal 
setting exercises. They are urged to think beyond 
the HSE test – to look at successfully passing the 
test as only one step on a longer life and job journey. 
Regardless, adult numeracy instructors do need to 
prepare their students for the HSE math tests, even 
if that is perceived to be only an initial hurdle. 

Some educators choose to prepare learners for 
the HSE test by spending hours practicing sample 
questions from test prep books. While familiarity 
with the types of test questions can be helpful, learners 
do not come away with much understanding of the 
mathematical content and thus are less likely to be 
successful on the HSE assessment or any additional 
assessments used for entry or placement purposes for 
certification programs or further education. Better 
preparation for the HSE might be to delve deeply 
into the mathematical concepts and procedures, 
particularly addressing algebra. 

Adult Learners’ Personal Priorities
Finally, adult learners return to study 

mathematics for their own reasons. Sometimes, 
they are primarily motivated by a desire to attain or 
improve employment prospects or are focused on 
acquiring a HSE credential. But often, their priorities 
are more personal – they want to be able to help their 
children with their homework, they want to master 
content that they were unable to master at an earlier 
time in their lives and thereby “prove something to 
themselves,” or they want to “graduate” from high 
school so as to be a role model for their children 
or family members (Coben et al., 2007; Jackson & 
Ginsburg, 2008). These priorities should also be 
considered when adult numeracy instructors make 
decisions about what content to teach.

So, how can or should we, adult math/numeracy 
educators, make instructional decisions given the 
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myriad of competing demands from federal and 
state Departments of Education; federal legislation 
connected to funding sources and agency reporting 
requirements; HSE test specifications; and adult 
learners’ own motivations to study mathematics? 
And, of course we are compelled to do this under 
conditions in which we all know that adult learners 
have limited time and resources that they can devote 
to their own formal education. Ultimately, we have to 
ask “To whom are we accountable?” Can we provide 
the educational experiences for our learners so that 
they will have the mathematical tools and problem 
solving skills as well as the formal credentials they 
need to identify and accomplish their own dreams and 
goals and meet the expectations of program funders, 
test makers, and other external entities? What support 
and resources do we, as adult numeracy educators, 
require so we will make informed decisions and 
implement them most effectively for the benefit of 
our diverse learners? 
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What should guide the content of math and 
numeracy instruction with seemingly 
competing priorities from federal and 

state legislation, research, adult education program 
demands, and from our learners? Do teachers 
focus on workplace skills, college-readiness skills, 
the College and Career Readiness Standards for 
Adult Education (CCR), or high stakes assessments? 
Considering the math levels of so many of our adult 
learners, I believe that teachers can focus on all of 
these competing demands at the same time, but 
only if they teach their students how to reason 
mathematically, and ensure that they have a solid 
conceptual foundation so that they can apply that 
knowledge and reasoning to any new situation that 
arises. 

Unfortunately, teachers feel the need to swiftly 
get students to meet goals and expectations, whether 
it is passing the test, mastering a CCR Standard, 
or preparing for college or training. Teachers may 
hear that ‘trig’ is now on some of the high stakes 
assessments and suddenly they feel a need to teach 
their students some basic trigonometry procedures. 
Or, they notice that the CCR Math Standards at Level 
E include factoring of quadratic expressions, so they 
feel that they need to teach their students procedures 
associated with that content. Unfortunately, too 

many teachers feel like they don’t have the time 
to give students the foundation that would allow 
their students to actually understand what is being 
taught. They may teach students procedures and 
tricks, hoping that they will retain those procedures 
long enough to at least pass the test.

However, without foundational understanding, 
students rarely remember those procedures. How 
many times have teachers shown students how to add 
fractions with unlike denominators, only to discover 
a few weeks later that students have already forgotten 
the procedure? Or, they watched students apply the 
procedure for adding fractions when faced with a 
proportion problem? As a result, teachers reteach 
the same procedures over and over again, rarely 
successfully getting their students to understand 
when to use those procedures. According to Givvin, 
Stigler, and Thompson (2011):

Without conceptual supports and without a 
strong rote memory, the rules, procedures, 
and notations they had been taught started to 
degrade and get buggy over time. The process 
was exacerbated by an ever-increasing 
collection of disconnected facts to remember. 
With time, those facts became less accurately 
applied and even more disconnected from 
the problem solving situations in which 
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they might have been used. The product of 
this series of events is a group of students 
whose concepts have atrophied and whose 
knowledge of rules and procedures has 
degraded. They also show a troubling lack 
of the disposition to figure things out, and 
very poor skills for doing so when they try. 
This leads them to call haphazardly upon 
procedures (or parts of procedures) and 
leaves them unbothered by inconsistencies 
in their solutions. (p. 5)  

Although Givvin et al. (2011) were referring 
to students supposedly ready for developmental 
education classes, most practitioners would say 
that the description would readily apply to the vast 
majority of learners in their own adult education 
classes. 

Teachers think that they don’t have the time to 
spend on conceptual understanding of core concepts. 
But, perhaps teachers need to reconsider what it 
means to be college and career ready, and what it 
means to have a core set of skills that allow learners 
to meet the demands of both academic and life 
priorities. The National Center on Education and 
the Economy (NCEE) asked: What does it really 
mean to be college and work ready? They conducted 
a two-and-a-half year study to try to answer that 
question. What they discovered is most of the math 
that is required of students before beginning college 
courses and the math that most enables students to 
be successful in college courses is not high school 
mathematics, but middle school mathematics. Ratio, 
proportion, expressions and simple equations, and 
arithmetic were especially important (NCEE, 2013). 
In other words, if we could help our students develop 
strong math skills at levels A through C/D in the 
CCR, they would be well-prepared to tackle college 
level classes or even ready to succeed in training 
required at the workplace. 

And, according to Redefining College Readiness, 
a report published by the Educational Policy 
Improvement Center (Conley, 2007), college success 
requires key cognitive strategies such as analysis, 
interpretation, precision and accuracy, problem 
solving, and reasoning. Students who are ready for 
college possess more than a formulaic understanding 
of mathematics. They are able to apply conceptual 
understandings in order to extract a problem from a 
context, use mathematics to solve the problem, and 
then interpret the solution back into the context. 
While these skills are specifically called out for college 
readiness, I doubt anyone would argue that they 
are not also critical for dealing with life issues and 
work situations. In other words, students need to 
have strong reasoning and problem-solving skills 
for success, not just know a bunch of procedures.

Perhaps it is not only that teachers claim that they 
don’t have enough time to prepare their students for 
multiple goals. Maybe there is another issue involved. 
Certainly it is not a lack of commitment or caring on 
the part of our adult education teachers. However, so 
few have learned math conceptually themselves. It is 
rare to find a practitioner who not only understands 
the procedures herself, but also knows how to teach 
that understanding. 

Compounding the problem, says Ma (1999), 
in the United States, it is widely accepted that 
elementary mathematics is “basic,” superficial, and 
commonly understood… Elementary mathematics 
is not superficial at all, and anyone who teaches it 
has to study it hard in order to understand it in a 
comprehensive way” (p. 146). If teachers think that 
elementary and middle school math is “basic,” it 
might explain why so little time is taken to ensure 
that our students (including our adult learners) really 
do understand what those elementary principles are.

Taking into account a widespread attitude that 
the “lower level” math is easy (and therefore able to 
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be reviewed quickly) and the number of teachers 
with limited knowledge of how to teach math, adult 
education is hard-pressed to get students to reach any 
of the conflicting goals and expectations. However, if 
students had a strong foundation of math concepts, 
they would be able to transfer their understandings 
to the workplace, to tests, and to situations involving 
math in their lives. If they are only taught procedures, 
how will they ever know when to use them on the 
job or in a college class or on a test?

Teachers should ensure their students have a 
strong conceptual foundation before launching into 
“higher level” math. Too often, the students have 
incomplete mastery of “middle school” math and 
could use more than just a quick review. Teachers 
would do well to adopt strategies to strengthen 
foundational knowledge, such as probing number 
sense or asking students to predict what an answer 
will be BEFORE having them jump to the formal 
calculation. Students who learn to question the logic 
of their answers are more likely to intuit that the 
solution to a problem like 5/6 + 1/2 must be larger 
than 1, since 5/6 is greater than 1/2. In contrast, a 
student relying on an incorrectly internalized fraction 
addition procedure might arrive at an answer of 6/8 
—an answer that would stand out as incorrect to a 
student with solid number sense. 

What are some ways that teachers can begin to 
teach more conceptually so that their students can at 
least develop some solid skills at the elementary and 
middle school level while developing mathematical 
reasoning at the same time?  Here is a sampling of 
ideas, which are based loosely on the CCR Math 
Standards:

• Introduce the concept of the benchmark ½ 
(along with its equivalents .50 and 50%) to 
students who are at Level A. Knowing ½ is 
more important than knowing how to do 
long division.

• Build on those benchmarks very slowly 
—still at Level A, ensuring that students 
really do understand. Have them apply 
those benchmarks to data where they can 
begin to reason critically about simple 
data representations (beginning with two 
categories and building to three or four).

• Teach estimation strategies early on and 
expect students to use them in everything 
they do, not just when it’s covered in a 
particular chapter of the book.

• Begin to introduce the concept of 
proportional reasoning early on by having 
students build in/out tables as a way to work 
on basic multiplication facts. Encourage them 
to discover patterns in the multiplication 
tables so they begin to see the relationship 
between different rows in the tables (i.e., 2 to 
3, 4 to 6, etc.). Build on the in/out tables by 
having them begin to create graphs of those 
patterns. This anticipates the introduction 
of linear functions (which is middle school 
level math).

• At Level A, introduce the basic properties of 
operations and hammer those ideas home 
as students move from whole numbers to 
fractions. After all, the properties work just 
as well for fractions as they do for whole 
numbers and abstract algebra.

• At all levels, teach conceptually by helping 
students visualize what is happening. Often 
seeing a visual representation helps students 
to understand (and trust) a particular 
procedure that they have been taught.

• At all levels, ask students to reason about their 
answers. Don’t listen for the right answer and 
then move on. Ask students—whether their 
answer is right or wrong—to explain their 
thinking. This will go a long way in helping 
them develop critical reasoning skills. 
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If teachers focused on these ideas, they would 
be preparing their students for all of the goals and 
expectations placed on them. Teachers who not just 
teach procedures but also conceptual understanding 
give students a foundation from which to add new 
knowledge. Students can make connections among 
math content. For example, if students can understand 
the idea that the area is the product of two numbers, 
then they can use that same understanding to visualize 
why two fractions multiplied together have a product 
less than either of the two fractions; and, they can 
use that same understanding to multiply binomials. 
Teachers then don’t have to teach mnemonics such 
as FOIL (first, outer, inner, last) because students can 
apply knowledge built from whole numbers. Even if 
teachers do not get to the topic of binomials, students 
can use their foundational knowledge for new, more 
advanced topics. After all, math is not a series of 
disconnected topics but rather a coherent body of 
knowledge made up of interconnected concepts. 

Teachers who contextualize number and operation 
sense are already giving students opportunities to 
practice using skills in the workplace, community, 
and home. Students might not know specific content 
needed for work, but students with the ability to 
apply their learning in different contexts will be able 
to use their math skills and reasoning in different 
work environments. 

Those teachers who struggle to see how to teach 
math more conceptually and with more real-life 
applications should use any available opportunities 
to further develop their own teaching skills. Most of 
us were taught in very decontextualized, procedural-
based classrooms. Therefore, teachers tend to teach 
as they were taught. And, if a teacher has spent most 
of her career in education, it is sometimes difficult to 
find examples of how to contextualize math lessons. 

What can a teacher do to begin her own journey 

of learning how to teach math to ensure students 
succeed?  Here are some questions teachers should 
ask themselves:

• Do I try to provide students with real-life 
examples but can only seem to think of my 
own personal experiences in the kitchen? Seek 
out opportunities to engage in workplace 
education and training environments. 
Minimally, it might be helpful for a teacher 
to observe how math is applied in an I-BEST 
or other integrated education and training 
initiative. Or, even better, to seize the 
challenge to co-teach in such an environment. 
Also, take time to have conversations with 
students about the kinds of jobs they now 
hold (or would like to) and where they use 
math within those contexts.

• Do I tend to look for short workshops that 
will provide me with tricks on how to teach 
‘higher level math’? If so, look for professional 
development offerings that include 
opportunities to explore math content in 
more depth to allow you as a teacher to become 
a learner for a while. Those quick tricks do 
not help the teacher, much less her students, 
develop understanding. And, without the 
understanding, math will continue to be a 
set of disconnected procedures to memorize.

• Do I use the same scope and sequence that I 
used five years ago? Ten? Is it based on how 
I learned math – whole numbers first, then 
fractions operations (all of them in one unit), 
decimals, ratios, geometry, etc.? If so, then you 
might want to explore the College and Career 
Readiness Standards in more detail to see how 
the domains (such as operations and algebraic 
thinking, measurement and data, geometry, 
and number sense) are integrated. Algebraic 
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Time Well Spent: Making Choices and Setting  
Priorities in Adult Numeracy Instruction

Melissa Braaten
St. Mary’s Center for Women and Children

In her Forum piece, What’s an Adult Numeracy 
Teacher to Teach? Negotiating the Complexity of 
Adult Numeracy Instruction, Lynda Ginsburg 

sets the stage of the current problem (poor numeracy 
levels in American adults) and the bevy of standards, 
legislation, and new exams that have recently been 
developed to address it. Ginsburg also highlights 
some of the ways in which these different “remedies” 
also compete with one another, as well as with the 
priorities of adult students. In the midst of all these 
demands, how does a teacher decide what to teach?

Context
Every program is unique, but there are also 

challenges that tend to be common across the field. 
I have been teaching in adult education for almost 
seven years in a non-profit setting in Dorchester, 
Massachusetts, in programs that serve women 
experiencing homelessness or at risk of homelessness. 
I came to adult education having studied math in 
college, which seems to be rather uncommon.1

My background in math is significant because 
the College and Career Readiness Standards for 
Adult Education (CCRS) make high demands on a 

teacher’s “decompressed” mathematical knowledge. 
In other words, teachers must know the material 
they are teaching more deeply and conceptually 
than would be expected of the average adult (Ball, 
Thames, & Phelps, 2008). In adult education, most 
teachers are asked or required to teach a variety 
of subjects, and teachers may not have specialized 
knowledge or training in math. This is a critical 
ingredient – not necessarily to have studied advanced 
mathematics at a collegiate level, but to have spent 
some time unpacking core mathematical concepts 
and developing one’s own mathematical practices. 
Teachers who don’t see themselves in the Standards 
for Mathematical Practice (outlined in CCRS, p. 48-
50), who haven’t themselves developed those ways of 
thinking and doing mathematics, will need to pursue 
professional development opportunities to deepen 
their own understanding. There is no way around it: 
procedural knowledge is not enough to teach people 
to understand math conceptually. Although I came 
into adult education with a solid understanding 
of advanced mathematics, I still needed to spend 
time in professional development exploring the 
foundations of math more deeply, more visually, 

FORUM: THE CHALLENGES OF ADULT NUMERACY

1 Ginsburg cites the research of Gal and Schuh (1994) who found that less than 5% of adult numeracy teachers had a certification to 
teach mathematics. I imagine that the percentage would still be low today even if we widened the category to include mathematics 
degrees without a teaching focus.
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and in a more connected way. This exploration into 
the foundational concepts of mathematics not only 
helped my teaching, but even changed the way I 
appreciate math.

The student body I work with faces challenges 
common to many adult students. For a variety of 
reasons, my students’ time in school is limited, and 
time on task can be challenging as well. The impact 
of trauma on learning is very apparent, and often 
limits time on task even further. With the majority 
of my students entering our program with math skills 
between 3-6 GLE, I have to be very strategic when 
prioritizing my curriculum. I never know how much 
time I will have to work with someone, and I want 
to make sure it is time well spent.  

Curriculum Considerations
Over time, I’ve developed my own informal 

criteria for making decisions about what to include, 
what to emphasize, and what to leave out. To me, 
prioritizing means not just teaching certain topics 
first and others later, but also making a conscious 
decision not to teach certain topics presented in the 
CCRS, WIOA, and/or the High School Equivalency 
(HSE) exams. I believe this is in the spirit of the 
“Focus” shift in the CCRS math standards, which says 
that “instructors need both to narrow significantly 
and to deepen the manner in which they teach 
mathematics” (p. 44).2

The first thing I consider when making curriculum 
choices is Does it meet my students where they are?  
This question is critical in order to teach math 
conceptually and in a coherent way. With a student 
body coming to me with upper elementary level 

math skills and profound gaps in basic number and 
operation sense, there is no reason for me to include 
high school curriculum until I have a cohort that is 
ready for that level. If I insisted on teaching them 
material at a much higher level than they are currently 
at, they would have no option but to learn the math 
procedurally, because they would be missing all the 
deep, concrete foundations that abstract reasoning 
is built on. 

My second consideration is Can they use it now?  
When I begin my planning for each unit, I start by 
thinking of at least one way in which my students 
can go home and use the math they are learning to 
enhance their life right now. For example, learning 
about data can help them better understand the 
news; learning about ratios can help them find the 
best deal; learning how number lines work can help 
them read the gauges on their car and oven. If I can’t 
come up with anything, that unit gets shelved until 
I can (prioritizing!).  

As an adult, we really do learn much more 
thoroughly and deeply the things we can use 
immediately. Relevance to our lives taps into our buy-
in and intrinsic motivation to learn,3 and it gives us an 
opportunity to continue to practice and deepen our 
skills for more permanent mastery. Showing people 
that math is useful is one of the most important 
reasons I teach.

My last consideration is similar: Can they use it 
again soon?   This usually means I am looking for an 
opportunity in which my students will be called on to 
use their mathematical learning again substantially 
within a few months, or, at the outer limits, a year. 
This opportunity often comes in a subsequent math 

2 Curiously, I encounter many teachers who feel that they still don’t have permission to leave anything out. It would be interesting 
to look into where this comes from: administrative pressure?  The standards themselves?
3 For an interesting discussion of relevance in teaching, see Roberson, R. (2013) Helping Students Find Relevance. American 
Psychological Association.  Available at http://www.apa.org/ed/precollege/ptn/2013/09/students-relevance.aspx.

http://www.apa.org/ed/precollege/ptn/2013/09/students-relevance.aspx
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4 Based on my second and third criteria, I consider my math curriculum to be contextualized, although the applications are not 
always related to a specific career. For most of my students, those type of specialized applications will not happen soon enough 
for me to teach them now.
5 Given the importance of receiving their HSE to my students, all of my criteria would go out the window if my curriculum 
didn’t also prepare them to pass the test. Historically, and consistently, students who are with me long enough do pass the math 
subtest of the HiSET.
6 In Massachusetts, Adult Basic Education programs like mine were recently allowed to continue serving adult students after they 
received their HSE, but the idea of using adult education programs for this purpose does not seem to have caught on yet with 
students—not with my students, at least. 

unit that builds on previous knowledge, or a unit in 
another subject which will ask them to apply these 
skills. For example, I follow up a unit on benchmark 
fractions with a unit about data, which provides 
numerous opportunities for students to apply their 
knowledge of basic benchmarks. A map unit 
in Social Studies might provide the perfect use for 
skills around ratio and scale. With students in our 
work readiness program, students interested in health 
careers work on ratios and measurement; students 
working towards administrative careers learn to write 
basic functions in Excel. My hope is that within the 
next six months, they will have the opportunity to 
make use of at least some of the skills they learned 
in their internships, cementing their learning and 
helping them in their careers.

In addition to enhancing the current lives of my 
students, this last criterion allows me to consider 
ways in which the math content can expand their 
life in some way. Perhaps interest rates were not 
relevant to a particular student before because she 
was never involved in her own finances or paying 
taxes, but now she can venture to look into these 
things. Maybe someone has always relied on other 
people for home improvement projects, but now 
has the understanding of measurement to buy and 
install shelving herself.4

“To whom are we accountable?”
Are my students, when they leave me, “College 

and Career Ready?”  This is the phrase that everyone 

is struggling to define and to measure. The CCRS 
has mathematics content through level E. Have my 
students mastered all that content by the time they 
leave me?  Of course not. In any case, most of the level 
E content standards definitely fail my own criteria 
on all three points.  

The HSE tests of 2017 define and measure college 
and career readiness by the achievement of a specific 
score: for example, HiSET considers a subject test 
score of 15 to indicate college readiness (ETS, 2016). 
I would estimate that most of my graduates, who 
tended to pass the 2016 HiSET with a range of 9-11,5 
are probably about 1 year worth of instruction short 
of reaching that mark. To be ready to enter college 
level math classes, my graduates need (and are 
encouraged) to participate in a college transition 
program to boost their skills.6

So if the measures of college and career readiness 
proposed by these different sources aren’t always 
attainable, how do I move my students as far down 
the continuum as I can?  As a math teacher, one of the 
gems from the CCRS that is within my humble grasp 
is to help my students develop the eight Standards 
for Mathematical Practice, which can be integrated 
at every level of math content. Not only do these 
habits of mind make students better at mathematical 
reasoning, but also at problem solving and effective 
communication. I do see evidence of improvement 
in almost all of my students in their mathematical 
habits of mind. These are skills that will be useful 
to them both now and soon, transferrable to many 
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types of academic work and work place enigmas.
As a math teacher, I can’t fix all the gaps and 

systemic difficulties that make “College and Career 
Ready” both vague and seemingly unattainable. 
Instead, I focus on getting my students “College and 
Career Ready-er.”  I don’t know how much time or 
consistency I will get with any given student, and 
so I prioritize everything I teach to make sure it has 
relevance on several levels, and if it doesn’t, well…
it can wait. 

Ginsburg concluded her article with the question, 
“To whom are we accountable?”  I see myself as 
accountable to all of the competing agencies and 
priorities she mentioned, but only to the extent to 
which I can realistically fulfill each of those demands. 
In addition, of course, I have my own agenda as 
a teacher, which is to alleviate some of the math 
anxiety I encounter in almost all of my students, and 
to help them see math as understandable, useful, 
and desirable knowledge to attain. In this way, I am 
hoping to move the needle, even a little bit, on beliefs 
about what mathematics is all about and who it is for. 
These are beliefs that can get passed on to the next 
generation and possibly effect some long term change.

Support for Adult Numeracy Instructors
Ginsburg also poses a question about what type 

of support adult numeracy teachers need in order to 
prioritize and carry out effective instruction. In my 
experience, there are three critical pillars of support 
that have contributed to my ability to navigate and 
teach among all these competing priorities: access to 
high quality professional development, a robust set of 
curricular materials to work from, and administrative 
buy-in and support.

Although I already had a mathematics degree 
when I began teaching adult numeracy, the additional 
training I received through the Massachusetts 

System for Adult Basic Education Support (SABES) 
has greatly enhanced my effectiveness as a math 
instructor. Like most adult numeracy instructors, 
teaching math conceptually bears little resemblance 
to my own math education, and the training has 
been invaluable. 

Secondly, I discovered excellent curriculum 
materials designed for adult students which focus 
on both conceptual development and relevant adult 
applications. (I use the series EMPower, developed by 
the Adult Numeracy Center at TERC in Cambridge, 
MA [Schmitt et al., 2005, 2015].)  Developing 
curriculum is a very specialized skill set, and not 
all teachers have the time or expertise to create 
all their material from scratch. For me, having a 
model of good lessons in the EMPower series helped 
me to even begin to envision what a rigorous math 
classroom would look like. This is an important 
missing piece for many adult numeracy teachers: if 
their own mathematics education was traditional 
and procedural, and they have not ever seen what 
teaching math conceptually would even look like, 
how can they be expected to begin creating lessons 
from that void?

Lastly, I attribute my modest successes (and my 
enjoyment!) of my math classroom to the support I 
have received from my supervisors and administration 
to teach math this way. It is not easy for many 
administrators (and teachers) to let go of some of 
the perceived benefits of traditional, procedurally 
taught math: on paper, it appears much more efficient; 
it doesn’t require a major overhaul of teacher training 
and curriculum; and it does fit the expectations that 
most adults have of a math classroom. I have been 
fortunate to have directors who believed me when I 
said students needed to work on foundational skills, 
who supported my suggested timelines for topics, and 
who backed me up when students were frustrated 
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that I wouldn’t just tell them the steps. 
If we want to move the field of adult numeracy 

forward to meet these new demands, we need to 
meet the field where it is: in need of professional 
development, in need of high quality curriculum, in 
need of administrative and bureaucratic support. Just 
like our students, our programs and teachers need 
relevant goals with realistic timelines. Change is a 
long process, and we need to be both moving in the 
right direction and taking care to sustain everyone 
involved for the long journey ahead. 

Melissa Braaten has been teaching adult numeracy 
for the past six years in Dorchester, Massachusetts, to 
adults with all levels of math ability and confidence. 
She is also a consultant for the SABES (System of Adult 
Basic Education Support) PD Center for Mathematics 
and Adult Numeracy, and has worked on developing 
and facilitating online and in-person trainings and 
workshops for adult numeracy practitioners.
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No Small Lives: Handbook of North 
American Early Women Adult Educators, 
1925-1950 
By Susan Imel and Gretchen T. Bersch (Editors)

2014; Information Age Publishing, Charlotte, NC
304 pages, softcover, $45.99

In the field of adult education, there is a lack of attention paid to the 
scholarship of women who helped to shape the field. Imel and Bersch 
address this gap by highlighting the significant contributions of 26 

North American women who were active in the field of adult education 
between the years of 1925 and 1950. No Small Lives serves as a catalyst 
to restore women to their rightful place in history, by narrating the 
varied and important accomplishments of some of the women who 
contributed substantially to the growth and development of the field 
of adult education. 

The first section of the book, “Historical Background,” provides a 
historical lens to set the tone for the remainder of the book. In these 
sections, the reader learns about the roles and participation of women 
in adult education in its earliest years and plausible suggestions for how 
history may be rewritten to be more inclusive of women. For example, 
the inception of the American Association for Adult Education is 
described along with the different types of publications written by 
women signifying their commitment to the vision of adult education. 

The second section, “Profiles of 26 Women,” brings to life the stories 
of 26 diverse women who at one point may have been considered 
invisible, yet were active in some capacity in adult education between 
1925 and 1950. The women included editors, writers, and practitioners 
whose work brought legitimacy to the field of adult education through 
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advocacy, involvement, planning and leadership. One may consider this 
second section to be the “heart” of the book as it provides space for 26 unique 
stories of the North American women adult educators. Moreover, within this 
section, the reader has no choice but to be inspired as concrete evidence is 
brought forth that demonstrates how active and involved women were in 
adult education during the referenced time period. This section of the book 
brings clear visibility to women in the field of adult education, where they 
historically may have been considered invisible. These include woman whose 
stories may not have been told publically, yet are part of an undoubtedly 
necessary legacy that contributes to the field’s growth and development over 
time. This section of the book is filled with stories of women who were leaders 
and central figures in a fight for power, equality, and growth. In the next few 
paragraphs, I will proceed to provide a few illustrative examples of a few of 
the highlighted female leaders.

Nannie Helen Burroughs, a prominent Black educator, church leader, 
and social activist, is among the women highlighted. Burroughs’ notable 
efforts included founding the National Training School for Women and 
Girls in Washington, D.C. (1909), as a national model school for the teaching 
of African American women. Furthermore, active in the political arena, 
Burroughs did extensive work in the area of woman’s suffrage by forming 
organizations and writing articles key to empowering these woman. Today, 
her legacy continues, as she was a strong influence among women in general 
and in the school that still exists today. 

As an early pioneer in adult education, Mary L. Ely contributed tirelessly 
as editor to the first professional journal in the field of adult and continuing 
education, the Journal of Adult Education. During a time where adult education 
was a new and unchartered field, Ely led the call for scholarly work to authors 
from around the United States. A key player in the adult education movement, 
Ely edited other important works such as Adult Education in Action and 
Handbook for Adult Education. 

Remaining true to her culture, Maria L. Hernandez had a mission to 
assist the Mexican community through the founding of several community 
organizations. Focused on the disparities in the education of Mexican 
American children, Hernandez engaged in advocacy to bring awareness to 
issues of equality. In addition to the fight for equal education, Hernandez 
was also involved in movements related to women’s rights. A trailblazer in 
her own right, Hernandez was a pioneer who fought for educational rights 
an activist, wife, mother, and grandmother. 

The last section of the book, “Conclusion,” skillfully provides emphasis on 
a question that brings the reader to the current context for adult education 
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and whether or not “things have changed.” This is an important question 
to allude to in the conclusion as it seemingly bridges the gap between the 
past, the present, and the future of adult education. Intuitively, as the book 
considers what has been done in the field it is a natural next step to consider 
any implications or future considerations, as the need for the field of adult 
literacy continues to be present. 

Based on the specialized nature of this book, the primary audience would 
seemingly be those who are intimately involved in the history and academics 
of adult education such as adult education professors and college students. It 
is clear that this book could be used as a learning resource in higher education 
courses as it focuses on the history and sociology of adult education and 
women’s contributions in adult education. Furthermore, as the book can be 
seen as an examination of women’s roles in the early twentieth century, it 
seems as though another audience for this book could be others in higher 
education in related fields such as anthropology, psychology, sociology, and/or 
women’s studies. Moreover, it could also be useful to those focusing on more 
specific topics such as gender and race studies, prejudice, marginalization, 
power, leadership and policy making.

No Small Lives: Handbook of North American Early Women Adult Educators, 
1925-1950 is unique in its approach to reach back to a place in history that 
has been, what many consider overlooked and under analyzed, to inform the 
adult education practices of today. Even though there was diversity amongst 
the 26 women in nationality, ethnicity, educational background, family status, 
and time period, there was also great commonality found in that they were 
advocates, leaders, and scholars in the field of adult education. No Small 
Lives: Handbook of North American Early Women Adult Educators, 1925-
1950 provides a pathway to the voices of the women as it highlights their 
contributions towards contemporary practices in adult education. 

Nicole A. Taylor is an Assistant Professor at Spelman College in the Education 
Department. At Spelman, she works with pre-service teachers and instructs 
in the areas of Educational Psychology and Reading. Her research interests 
include the development of emergent literacy skills in children whose parents 
are struggling adult readers and the home literacy environment. She earned 
her doctorate degree from Georgia State University in Educational Psychology 
with a concentration in language and literacy. She is also involved with the 
Prime Time Family Literacy program as a Humanities Scholar.
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Numeracy and Math Websites

This Web Scan column has benefited from the numeracy and 
mathematics expertise of adult education teachers and teacher 
educators Connie Rivera and Brooke Istas. Many thanks to them 

for their help.

How Big Is the World’s Largest Deliverable Pizza? (Area of Rectangles)

1. Robert Kaplinsky’s Search Engine
http://robertkaplinsky.com/prbl-search-engine/

If you are looking for a problem-based, real-life numeracy lesson for 
your students, Connie Rivera suggests this free search engine to look 
through great math and numeracy websites such as the Mathematics 
Assessment Project’s MAP Mathshell, Wouldyourathermath.com, 3-Acts 
Lessons, Mathalicious.com, and many others. Here’s a sample problem 
from the website: “How much is One Third of a Cup of Butter?” When I 
selected it, I was taken to a numeracy lesson plan, in which students look 
at a butter label, and cut a 4 oz stick of butter together. The lesson plan 
includes nine Common Core standards addressed by the lesson, such 
as “CCSS 3.NF.3b Recognize and generate simple equivalent fractions, 
e.g., 1/2 = 2/4, 4/6 = 2/3. Explain why the fractions are equivalent, e.g., 
by using a visual fraction model.” 

http://robertkaplinsky.com/prbl-search-engine/
Wouldyourathermath.com
Mathalicious.com
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2. Open Middle, Challenging Math Problems Worth Solving
http://www.openmiddle.com/  

Connie says this website is one of her top recommendations. She says, “These problems look basic and 
don’t use a lot of words, but they make you think deeply about what you are doing. A few of these can replace 
a whole ‘worksheet.’  They are also searchable by a Common Core standard number.” According to the 
website’s description open middle problems have a “closed beginning” meaning that they all start with the 
same initial problem, a “closed end” meaning that they all end with the same answer, and an “open middle” 
meaning that there are multiple ways to approach and ultimately solve the problem. These open middle 
problems “require a higher depth of knowledge than most problems that assess procedural and conceptual 
understanding.  They support the Common Core State Standards and provide students with opportunities 
for discussing their thinking.

3. Math Solutions
http://mathsolutions.com/free-resources/ 

Connie recommends this Marilyn Burns website and also for teachers’ professional growth, Burns’ blog, 
Connie says,  “She writes so clearly and makes me see, sentence by sentence, how to be a better teacher.”

4. You Cubed at Stanford University 
https://www.youcubed.org

Connie says that at you cubed ”you can read recent research 
about growth mindset and the value of mistakes, visual learning, 
and the connection between math anxiety and the way we may 
be teaching math facts. You can also watch video examples 
and search for tasks to use with students.” Connie adds, “Jo 
Boaler rocks!”

5. Desmos 
https://www.desmos.com/

Brooke Istas thinks this free math web site is a great way to explore graphs and how small transformations 
can have a great impact on the way a graph looks. There are also math activities, so if you need some examples 
for how to incorporate a lesson, or perhaps increase your own personal math knowledge, Brooke says this 
site is easy to navigate with lots of information.

http://www.openmiddle.com
http://mathsolutions.com/free-resources/  
https://www.youcubed.org
https://www.desmos.com/
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6. Mathwords
http://www.mathwords.com 

Students often get confused by math vocabulary. Brooke 
says, “This is an interactive math dictionary with enough 
math words, terms, formulas, pictures, diagrams, tables, 
and examples to help learners begin to speak mathenese!”

7. GCF Learn Free 
http://www.gcflearnfree.org/topics/math/ 

I have recommended GCF Learn Free before in this column, but with a reminder from Brooke, this time 
I call your attention to its numeracy and math topics such as addition, subtraction, multiplication, division, 
fractions, decimals, and algebra. Brooke mentions that it also provides tutorials and math interactives.

8. National Library of Virtual Manipulatives 
http://nlvm.usu.edu/en/nav/vlibrary.html 

Brooke suggests this website “to help develop a conceptual understanding of all kinds of mathematical 
concepts. The Algebra has several wonderful manipulatives to help learners with factoring by giving them 
a visual, and helping them to manipulate it to create understanding.” Although not free, its $29.95 price tag 
for a Windows or Mac computer may fit many teachers’ budgets.

9. Absurd Math 
http://www.learningwave.com/abmath/

Brooke also recommends Absurd Math, an interactive mathematical problem solving game series. She says, 
“It is a great way to engage the learner and help develop deeper understanding of mathematical concepts.” 

Comment from a Web Scan Reader: Dorothea Steinke, an adult numeracy/mathematics teacher in 
Lafayette, CO wrote me about a course that was included in the futurelearn.com website that I had featured 
in the Summer, 2016 Web Scan column. She cautioned that U.S. students who try the Numeracy Skills for 
Employability and the Workplace course, https://www.futurelearn.com/courses/numeracy-skills could run 
into difficulties because “Europe uses the point, where we use commas, and vice versa. So 23,247 in England 
means 23.247 in the United States.” She added that “the pencil-and-paper processes for multiplication and 
division may be different from those used in the United States.”

David J. Rosen is an education consultant in the areas of adult education, technology, and blended learning.

www.mathwords.com
http://www.gcflearnfree.org/topics/math/
http://nlvm.usu.edu/en/nav/vlibrary.html 
http://www.learningwave.com/abmath/
futurelearn.com
https://www.futurelearn.com/courses/numeracy-skills
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