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Abstract
This study is a qualitative analysis of the work of preservice special education 
teachers on an activity during which they had to design a game that represented 
the concept of working memory. The study draws from the framework of model-
eliciting activities that require students to develop structural representations of 
concepts that can be used to demonstrate their understanding of a topic. In this 
study, the students’ models were useful tools for discussing and demonstrating 
the concept of working memory, which provided the instructor with valuable op-
portunities for formative and summative assessment. The researchers discuss the 
connection between the data in this study and the work on model-eliciting activi-
ties in other fields and how this research can inform the teaching of preservice 
special education teachers.

Introduction
 Students with learning disabilities (LD) often struggle in school in a variety 
of subjects (e.g., Andersson, 2008; Graham et al., 2017). Special education teach-
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ers face the responsibility of teaching students with LD the concepts and skills 
they will need to perform at levels comparable to students without disabilities on 
high-stakes, standardized tests, as mandated by the  Individuals With Disabilities 
Education Improvement Act of 2004 and the Every Student Succeeds Act of 2015. 
If students with LD do not advance through high school courses and succeed with 
end-of-course exams, they may be unable to access some educational and occu-
pational opportunities (Achieve, 2015; Ysseldyke et al., 2004). Teachers also face 
consequences if their students do not score as proficient or higher on high-stakes 
exams (Croft et al., 2016). Therefore special education researchers need to search 
for ways to prepare teachers for this high-pressure environment in which they (and 
their students) will face consequences if the students do not pass standardized tests 
and advance through gatekeeper courses (Croft et al., 2016; Ysseldyke et al., 2004).

Approaches for Meeting the Needs of Students With LD
 Students with LD often face anxiety and difficulties with working memory, 
which is the processing, storing, and integration of information (Baddeley, 2003; 
Nelson & Harwood, 2011; Swanson & Siegel, 2001). For example, working 
memory can be overloaded when students struggle with remembering information 
in short-term memory as they focus on processing new information and connecting 
it to information they have already processed and are trying to retain in short-term 
memory (Baddeley, 2003). Anxiety can exacerbate difficulties with working memory 
(Ashcraft & Krause, 2007). Students with LD may have difficulty focusing their 
attention on processing, storing, and integrating information in a problem if they are 
distracted by worries of failure and consequences of failure on that task (Eysenck 
et al., 2007; Nelson & Harwood, 2011).
 Students with LD tend to struggle with multistep tasks either due to a pre-
disposition to struggle with working memory or due to working memory–related 
struggles related to task difficulty (Swanson & Beebe-Frankenberger, 2004). When 
a task has multiple steps, students with LD may have more trouble with keeping 
track of information in short-term memory as they process multiple pieces of in-
formation and, eventually, try to combine all of the information to form a solution 
(Swanson & Beebe-Frankenberger, 2004). Students with LD tend to have more 
difficulties with working memory in situations when a topic is new or difficult for 
them (Hord et al., 2016). More challenging or unfamiliar topics tend to overload 
working memory more so than simpler, familiar tasks (Barrouillet et al., 2007). If 
any of the pieces of information are particularly perplexing, students may have to 
devote a disproportionate amount of attention to that particular piece of information, 
possibly leading to them forgetting what they are attempting to store in short-term 
memory (Barrouillet et al., 2007).
 When special education researchers have addressed this situation, using tables 
and diagrams as tools for storing and organizing information on paper (e.g., van 
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Garderen, 2007; Xin et al., 2005), students with LD have succeeded in multistep 
situations. In these studies, students were able to offload information (i.e., temporar-
ily store information on paper rather than in short-term memory; Risko & Dunn, 
2015), refocus on processing what is next in the problem, store the next step on 
paper, and eventually combine information to solve the problem. This technique 
allows students to devote more attention to thinking critically about the problem 
rather than having to divide their attention between remembering information in 
short-term memory and thinking critically about the rest of the information in the 
problem they need to process, store, and integrate.
 Special education teachers would presumably benefit from understanding this 
process. In some cases, students need to offload information, which can make chal-
lenging tasks more accessible for them (van Garderen, 2007; Xin et al., 2005). In 
other cases, teachers may need to realize that certain parts of problems are a little 
too difficult for students based on their current level of understanding of the topic 
and make strategic modifications to parts of the task or provide extra prompts to 
keep students moving forward (Hord et al., 2016). Sometimes teachers may need 
to realize that anxiety is making it difficult for students to think clearly and must 
adjust prompting or task difficulty accordingly (Hord et al., 2018). Special educa-
tion teachers are likely to be more successful if they can be sensitive to and aware 
of these possible challenges and potential solutions.

Possible Solutions for Teacher Preparation
 Strategies for improving teacher knowledge of working memory and its applica-
tion to instructional practice are embedded within existing literature. Relevant work 
includes perspectives on both the knowledge teachers need and on instructional strate-
gies for building knowledge of abstract concepts for use in practical applications in 
general. Regarding what teachers need to know, Shulman (1986) emphasized the need 
for teachers not only to understand content and pedagogy but also to conceptualize 
individualized models of students’ knowledge and learning processes as part of the 
framework for pedagogical content knowledge. Cohen et al. (2003) extended this 
notion further to the teachers’ ability to understand and attend to complex instructional 
dynamics involving the triadic, reciprocal relationships between teacher, student(s), 
and content as well as the environment in which these interactions take place. Specific 
to the present study, an understanding of working memory contributes to teachers’ 
ability to model students’ interactions both with content and with the teacher within 
an educational environment. These models created individualized frameworks for 
promoting student learning through instruction.
 Regarding how to build teachers’ knowledge, instructional strategies for de-
veloping models of abstract concepts and how they manifest in practical activities 
have been investigated within domains like mathematics, science, and engineer-
ing. These instructional strategies could provide a template for ways to develop 
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preservice teachers’ understanding of abstract concepts like working memory, 
motivation, cognition, or emotion. Specifically, model-eliciting activities (MEAs; 
see Lesh & Doerr, 2003) are a well-established instructional tool for facilitating 
the development of structural representations of abstract mathematical concepts 
in elementary and secondary-level students for the purpose of application of those 
models in practice and to eventually formally operationalize and further develop 
those representations (Lesh & Caylor, 2007). During these activities, students are 
immersed in situations that are strategically designed to provide opportunities to 
represent meaningful problems; self-evaluate; and improve the nature, complexity, 
and accuracy of their representations. Students iterate upon and document drafts of 
models toward a generalizable simplest solution (Lesh et al., 2013). A simplistic 
MEA might involve giving students a fixed amount of money and having them 
perform scaffolded experiments involving the different meals they could buy at a 
restaurant. The purpose of this MEA would be to work toward more complex models 
about how money, budgets, expenses, and income are related and how they can be 
applied to situations more broadly. Well-documented examples of how MEAs are 
implemented in the K–12 classroom are available within the practitioners’ literature 
(see Bostic, 2013; Magiera, 2013).
 It is worth noting some parallels between undergraduate programs for teacher 
education and those for other professional disciplines, such as engineering. For 
instance, in the mid-1980s university physicists came to acknowledge that, after 
a semester of introductory physics, top-performing engineering undergraduates 
could achieve proficiency at recall of information related to concepts like force, 
momentum, and velocity but could not apply those concepts in novel situations 
or discuss how they are related (Hestenes et al., 1992). This led to the develop-
ment of teaching activities and assessments, similar to MEAs, that led to students 
needing to create a product that could be assessed to determine deeper levels of 
understanding of the topic as well as a basis for quality discussions on those topics 
(Hestenes et al., 1992; Saul et al., 2000). Similar approaches have been developed 
for undergraduate calculus since the mid-1980s, when mathematics professors 
were struggling with developing necessary levels of understanding of mathemat-
ics among future engineers (Bressoud & Zorn, 2018; Epstein, 2013; Steen, 1988). 
MEAs have also been applied in undergraduate engineering methods courses for the 
purpose of applying science and mathematics to authentic engineering problems to 
teach undergraduates how to “do” engineering (for an early example, see Moore & 
Diefes-Dux, 2004). Furthermore, the specific use of MEAs in engineering methods 
courses has been established as a way of connecting and improving research on 
the learning of mathematics and of engineering methods (Hamilton et al., 2008).
In the present study, we examine MEAs as an instructional tool for undergraduates 
in teacher education programs, not for the teaching of mathematics or science, but 
for teaching about working memory. The use of MEAs with adults has a great deal 
of support and may be able to be translated (along with its tenets) to foster the under-
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standing of working memory and how it functions within instructional settings for 
students with disabilities. Teachers may apply this knowledge in the classroom and 
further refine their understanding of memory and processing (Murataa & Kattubadi, 
2012; Sevinc & Lesh, 2018). Additionally, use of MEAs in the preservice teacher 
education classroom allows future special educators to consider applying MEAs 
in their own classrooms and has been successfully used in preparing elementary 
school teachers in the context of mathematics (Stohlmann, 2013). MEAs serve as 
a vehicle through which teachers can closely monitor students’ progress and help 
students with LD develop reasoning and representational skills (Lesh et al., 2013). 
When teachers facilitate students’ creation of their own representations, teachers 
are likely to become more informed of students’ individualized needs as they create 
those representations (Flevares, 2010). In short, MEAs may be a valuable addition 
to the portfolio of instructional practices related to preservice teacher training.

Purpose of the Study and Research Questions
 The stakes are high for both special education teachers and their students in the 
current educational environment due to standardized testing and end-of-course exams 
students must pass to advance through gatekeeper courses (Croft et al., 2016; Yssel-
dyke et al., 2004). Special education teacher educators are responsible for preparing 
special education preservice teachers to succeed in this environment. A potentially 
useful tool is MEAs as a teaching method to assess students’ understanding of the 
concept of working memory and how this relates to teaching students with LD. The 
research question of this study is as follows: How can a model-eliciting activity be 
used to teach and assess understanding of working memory?

Method
 We conducted a qualitative analysis of preservice teachers’ work on a model-
eliciting activity designed to develop and assess their understanding of working 
memory. This project was designed to provide insight into how preservice teachers 
can develop and demonstrate their understanding of working memory and how 
teacher educators can use MEAs to teach and test the understanding of the con-
cept of working memory. We obtained permission to conduct this research from 
the institutional review board of the first author’s university, and we followed the 
approved protocol.

Participants, Setting, and Procedure

 The learning and assessment activity (i.e., the working memory game MEA) 
took place on the last day of a teacher preparation course for special education 
preservice teachers in their junior year of college. The course was designed to cover 
the assessment and teaching of students with mild to moderate disabilities. Owing 
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to the tendency of many students with mild disabilities to struggle with working 
memory, such as students with LD and students with mild intellectual disability 
(Schuchardt et al., 2010; Swanson & Siegel, 2001), a significant portion of this 
course was devoted to teaching preservice teachers how to informally assess when 
and how their students may be struggling with working memory and how to allevi-
ate these difficulties.
 The participants were all in their junior year of college in a special education 
preservice teacher preparation program. In this class, there were 24 White females 
and six White males. The students worked in small groups to design a working 
memory game (see Figure 1 for game directions) that would overload the game 
player’s working memory by presenting information in a way that was difficult to 
process, store, and integrate. After the game player struggled to complete the game, 
the participants were charged with the task of making a modification to the game 
to make it easier by providing a way for the game player to offload information or 
by making pieces of the task easier to process and manage (e.g., changing one of 
the steps in a way that it taxed working memory less). During and after the process 
of demonstrating the game, the instructor and the students discussed the concepts 
represented by the game. After demonstrating their game, students were directed 
to write and/or draw a representation of their game that would be understandable 
to someone who was not present during their verbal explanation of the game and 
who had not had an opportunity to play the game with the students. During all 
game demonstrations, the game player was the course instructor.
 The instructor and the class worked together to bring possible materials to 
the class that could be used to make the working memory games. Groups used 

Figure 1
Game Directions

Working Memory: Model-Eliciting Activity

• Create a “model” of working memory in the form of a game that you can 
manipulate to overload the working memory of a participant and then modify to 
not overload working memory.

• It may help you to think of students you’ve seen struggling with school work. 
For example, many times at local schools, I’ve seen a situation like this: A 
student with LD was having trouble with his algebra homework because of hav-
ing trouble subtracting. I’m serious about this. He understood the algebra (or at 
least was on his way to understanding it), but subtracting integers was causing 
his working memory to get overloaded. A tutor gave him a number line to use to 
help him with subtraction, and he started excelling with the algebra problems.

• Your assignment is to create a game using the available materials to simulate 
a situation like this. Please summarize your game below (bullet points are fine) 
and demonstrate your game to me.
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materials like playing cards, math facts flashcards, balls, balloons, construction 
paper, computer paper, markers, crayons, and colored pencils. Students watched an 
example of a working memory game called Space Mines Patrol (Cogmed, 2019) 
to show them how a game can be designed to vary in difficulty by changing the 
amount of information students need to process, store, and integrate and in some 
cases change the difficulty of some of the pieces of information that needed to be 
managed. We discussed how others in the room could help the game player offload 
information by keeping track of information for the student who was playing the 
game and reminding them of things when they needed to connect this information 
to new information as it was presented during the game.

Data Collection and Analysis

 We video-recorded the demonstrations and discussions of each of the 10 
groups in the class and collected the written explanations of the games from each 
group. We searched through the written representations of games from all of the 
10 groups in the class to identify well-crafted and easy-to-understand games that 
represented working memory successfully. Some of the games were well crafted 
but quite complex and potentially difficult to describe in a journal article without a 
game player having an opportunity to learn the game by playing it. On the basis of 
these considerations, we purposefully sampled four videos. All 10 of the examples 
of student work were similar in structure. The excluded examples were useful for 
teaching and assessment, yet these examples were not conducive to being explained 
in words in a journal article with a necessary and mandatory page limit.
 During data analysis, we watched and transcribed these four sessions, coded the 
data, and searched for emerging themes. First, we transcribed the data and created data 
tables with columns for time of session, transcript, subjective comments, and codes. 
Then, we searched through the transcripts for trends to create a list of open codes to 
document our initial interpretation of the data set and establish a priori codes for the 
next round of data analysis (Strauss & Corbin, 1998). We used a priori codes, such 
as demonstrations of working memory in general, offloading, anxiety-related factors, 
quality discussions, and quality assessment (Stake, 2010). Then, in a separate document, 
we put the coded data into “patches” to search for emerging themes that we eventually 
agreed upon during meetings (during which we worked toward consensus) about trends 
in the data (Brantlinger et al., 2005). We then communicated with an external auditor 
(another researcher not involved in this study) about our interpretation of our findings 
(seeking consensus) to monitor interpretive validity (Maxwell, 1992). The first author 
and the external author corresponded through email about their interpretations of the 
findings. The findings that we and the external auditor agreed upon are presented in 
the next section using sequences of dialogue to provide a detailed description of the 
demonstrations and discussions that took place to provide a basis for our inferences 
and conclusions (Brantlinger et al., 2005).
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Results
 During data analysis, two major themes emerged. The working memory game 
was a valuable tool for assessing student knowledge of working memory. Also, the 
game served as a useful tool for stimulating discussions about working memory, 
which provided learning opportunities for the students. In the following section, 
we describe how the students were able to demonstrate and discuss the concept 
of working memory as well as how they could manipulate the load on working 
memory the game player experienced by changing the demands of the tasks in the 
game or providing extra support for the game player.

Card Recall Game

 A group of students demonstrated their understanding of working memory 
successfully by designing and demonstrating a game they called the Card Recall 
Game (see Figure 2). In the first step of the game, the game player was presented 

Figure 2
Card Recall Game
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five playing cards for a few seconds. The player had to memorize the cards and then 
close his eyes. The students then replaced one of the cards, and the player had to 
then recognize which card had been replaced. This game represented the storing of 
information when the player had to store which cards were presented in short-term 
memory. It represented the combining of information when the player had to con-
nect what he had in short-term memory from the first set of cards to what he saw 
in the second set of cards. To succeed with this task, the game player had to store a 
first set of information in short-term memory, process a second set of information, 
and connect (by comparing) those two sets of information to determine which card 
had been changed. These students also demonstrated their knowledge of working 
memory, regarding how they could avoid overloading working memory, by making 
the task easier by decreasing the amount of information the player would need to 
process, store, and integrate (e.g., lowering the number of cards; see Figure 2).
 In addition to providing information for assessment, the Card Recall Game 
provided the instructor with opportunities to expand upon how the game demon-
strated the concept of working memory. For example, after the students explained 
the game, they laid these cards on the table: nine of hearts, nine of spades, 10 of 
spades, six of hearts, and eight of spades. Then, the player covered his eyes, and 
the students replaced the nine of hearts with a three of diamonds and scrambled 
the order of the cards. The game player, who by his own account tends to struggle 
considerably sometimes with remembering things, was able to name the new card 
correctly. Explaining how he succeeded by chunking information (e.g., grouping 
the cards into easy-to-remember groups), the instructor said, “There were two faces 
and one was in sequence. That gave me a chance. I was able to make five into two 
groups or I wouldn’t have had a chance.” Rather than five pieces of information, 
the game player had to remember only two pieces of information: a sequence of 
spades (eight, nine, 10) and 96 hearts (for a nine and six of hearts). This provided 
a foundation for a discussion we had about how, if there are fewer pieces of infor-
mation, the demand on working memory is decreased (Barrouillet et al., 2007).
 When they were prompted to show how they could make the game less taxing 
on working memory, the students then laid down three cards: a three of spades, a 
seven of spades, and a six of diamonds. The instructor said, “If I have three cards, 
all I have to remember is spades and diamonds and a three, seven, and six, there is 
less I have to remember. There is less I have to hold in short-term memory while 
I’m connecting things.” In this situation, the instructor was able to discuss working 
memory with the students referencing a game they had just created and played with 
their instructor. In the context of the students demonstrating and discussing their 
game, the instructor had the opportunity to make the concept of working memory 
more accessible and to deepen their understanding of working memory.
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Combining Mathematics and Catching a Ball

 Another group demonstrated and discussed the concept of working memory 
with a game that involved mathematics and catching a ball. The game involved three 
tasks: solving an addition problem using two playing cards, matching up that sum 
with the sum of one of five addition flashcards, and then immediately catching a ball 
from the right or left depending on whether the sum was odd or even. For example, 
a game player could face a scenario in which she had to match sums, such as the 
two of diamonds and four of hearts equals six with a flashcard that said three plus 
three, and then immediately catch a ball coming from her right because the sum 
was even. When doing the addition and matching the cards, the player would need 
to keep refreshing left–odd, right–even in her mind. The player had to hold where 
the ball will come from in her short-term memory while processing and integrating 
information about the sums of the cards and then combining information about 
the sum (odd or even) with left or right to face the right direction to catch the ball. 
In short, information is being stored for later and then combined to succeed with 
the task. After the instructor completed the game, he asked the group members to 
explain how this game made things difficult with regard to working memory.

stan: It was hard because you were doing one math problem based on the two-card 
combination. You are already doing one math problem. After you did that math 
problem, all the while looming above you, you had to worry about the ball com-
ing at you. You had that looming above you I assume. The two-card combination 
here is one math problem. You had to do that problem. Do this [pointing to the 
flashcards] problem. Match them up. Catch a ball. Basically, we tried to get so 
much stimulation that it acted as an overload.

jack: You had the third aspect of working memory remembering if it is even or 
odd to know what side.

stan: Yes. Good point.

austin: Exactly.

instructor: OK. What was I having to hold in short-term memory while I was 
combining things?

jack: The math problem [pointing to the flashcards] and the math problem [point-
ing to the playing cards].

stan: This one [pointing to the playing cards]. Would this one be short-term 
memory? The two-card combo before he matched it.

jack: Yeah.

austin: All of them would be.

brent: That would also be [pointing to the flashcards] because you can see that 
before he lays them [the playing cards] down. You already know what these are 



Making Models of Working Memory

88

before [pointing to the flashcards and listing of the sums] four, six, three, seven, 
and 10. So, you already know that. That’s short-term [memory]. Then, you have 
to match this [pointing to the playing cards] with the other.

stan: That’s right. Because you probably looked at these [pointing to the flashcards] 
before we even started and did the math problems.

instructor: No, I didn’t. I probably should have. [laughs]

stan: But, if you had, that would be short-term memory, right? If the student 
looked at these five cards [pointing to the flashcards] before we even started and 
he did the math problems in his head, he would access those as short-term memory 
while he was matching them.

instructor: Yeah. I’m holding it in storage in my short-term memory. Other stuff 
is coming in. The ball, literally. . . . As other information is coming in and I’m 
connecting it, what kind of memory is that?

austin, brent, and stan: Working . . .

instructor: Yeah. Processing, storing, and integrating. . . . I have to process 
what is happening and store it in short-term memory. And, to succeed, I have to 
integrate all of that information. It’s all of that at once. Processing, storing, and 
integrating is working memory.

 This discussion provided the instructor with a chance to teach content and to 
see how the students were differentiating between a sequence of tasks that involves 
only short-term memory (which can be difficult but is not a representation of working 
memory) and a sequence of tasks that represents working memory, which requires the 
game player to combine information in short-term memory with new information that 
needs to be processed and combined with older information to succeed in the game.

Kinesthetic Math Game

 In another scenario, a pair of students successfully demonstrated working 
memory and how cognitive load could be overwhelming and also addressed how 
anxiety could be a factor in students’ chances of successfully processing, storing, 
and integrating information (see Figure 3 for the PowerPoint slides they developed 
for the game). The students designed a game in which the players had to remember 
that red print meant they needed to use addition and blue print meant they needed 
to use multiplication. All the while, the game player needed to keep in mind that 
a problem presented at the top of the slide meant that the player needed to get to 
the back of the room and touch the wall before answering, with the goal of doing 
this before his competitor. Problems at the bottom of the slide meant that students 
needed to go to the front of the room and touch the wall before answering. Interest-
ingly, one of the students purposefully chose to make the location of the problem 
and its corresponding direction less intuitive (top-to-back rather than top-to-front) 
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to make it more cognitively demanding for the game player. Her partner said to 
the instructor, after describing how the student’s partner wanted to set up the game 
this way, that she told her partner, “I don’t think we’ll even be able to play our own 
game,” which demonstrated some of her understanding of cognitive load.
 As the students explained the rules, the instructor said, “I have to keep all of 
that in my mind while thinking about something else.” One of the students said, 
“You got that?” and the instructor replied, “Probably not, but that’s the idea, right?” 
On the first attempt, the instructor did the wrong operation and went to the wrong 
part of the room and commented, “This is really hard.” The other game player went 
to the right part of the room but did the wrong operation. The instructor said, “It’s 
a lot of things to keep track of at one time. We are trying to do math while we are 
stressed and keeping track of other things. It transfers very well to real-life situa-
tions.” On the second attempt, the instructor and other game player did both things 
correctly. The instructor used this situation to explain how practice or familiarity 
with a task can make thing easier with regard to working memory (see Barrouillet 
et al., 2007; Ericcson & Kintsch, 1995): “With practice, it is getting easier. It is in 
long-term memory now that we’ve done it.” On the third attempt, both game play-
ers completed the task correctly. The teacher said, “There’s a lot to keep track of. 
Adding all of these elements together made this more stressful.” To demonstrate 
their knowledge of how lessening anxiety could make the working memory game 
easier, one of the students said,

We can take back one of the rules and just make it about blue and red and having 
multiplying and adding. Other things we could do is make it less stressful—not 
a game, but just something that we are working on with one student individually 
and not in front of the whole class.

Figure 3
Kinesthetic Math Game



Making Models of Working Memory

90

 Then, the students and teacher discussed games they had played as children 
that were competitive, such as math races. We discussed examples of how anxiety 
can exacerbate difficulties with working memory, especially in situations in which 
students have a lot to process, store, and integrate and when they are stressed 
(Ashcraft & Krause, 2007).

Operation 99

 The concept of working memory, as well as offloading, was demonstrated suc-
cessfully by another group with a game called Operation 99, which involved the 
game player taking three playing cards and using addition, subtraction, multiplica-
tion, and/or division to get an answer that was as close to 99 as possible without 
going over 99. In this scenario, in addition to keeping track of other parts of the 
game (see Figure 4), the game players had to keep track of a lot of information in 
their working memories as they considered different combinations of numbers and 
operations. After demonstrating the game, the instructor asked the students how 
they could make the game easier to play regarding the load on working memory.

lisa: We have scratch paper so you can write out your process of how you are 
going to get to 99.

instructor: OK. So, I can write stuff down. How does that benefit you?

lisa: To write out your process of how you are going to try to get to 99 in a visual 
representation.

ally: It puts it on paper versus keeping it in your mind.

sandra: When we were getting this ready, we played a round. You only have 30 sec-
onds and you are looking at your three cards and you are trying to figure out, Am 
I going to do 10 times 7? Then, add 5. What am I going to do? And, that’s a lot. 
Because you have to remember all four of the operations you could use. But, if 
I could use the paper instead and write out 10, 7, and 5 and write out a couple of 
possibilities, that helps.

 In this case, the working memory game activity worked well for providing 
an opportunity for the students to show their overall understanding of working 
memory and to discuss ways they could change the game to tax working memory 
less by using scratch paper to offload information.

Discussion
 The data showed the nature of the learning opportunities for students and how 
well the students understood working memory in general as well as how anxiety, 
familiarity with a topic, offloading, and fluctuations in the quantity of information 
that needs to be dealt with can affect working memory (Ashcraft & Krause, 2007; 
Barrouillet et al., 2007; Ericcson & Kintsch, 1995; Risko & Dunn, 2015). The 
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activity provided the instructor with opportunities to conduct formative and sum-
mative assessments of his students and discuss working memory in the context of 
a game they had created, which was likely to make the concept more accessible. 
The instructor was able to give students feedback on their current levels of under-

Figure 4
Game That Demonstrated Offloading

Operation 99

• The goal is to use any of the four operations to get your cards at equal to, or 
get as close to, 99 as you can.

To Start the Game
• The dealer will deal out three cards to each player face down at the beginning 
of the round. Each player will look at them individually and use the operations 
to have their numbers equal 99 or get as close as possible.
 • Jack = 11
 • Queen = 12
 • King = 13
 • Ace = 1
 • No jokers are used
• The players will have 30 seconds to come up with the number and operation 
combination that gets them as close to 99 as possible.
 • The Price Is Right rules: If you go over 99, you lose the round.
• Each player has three flip cup wild cards throughout the duration of the game. 
If you win a round by getting exactly a 99, the player receives an extra flip cup 
wild card.
• If two players get the same winning number, they will play a round of flip 
cup. Whoever wins flip cup, and can land the cup first, will win the cards. The 
two players will keep playing flip cup until someone can land the cup right side 
up. That player wins the round.
• When you win the round, meaning you were able to get the highest number, 
you collect the cards. These cards are in the trash pile, and then whoever has 
the most cards when the deck is out is the winner of the game.

Supports
• Players will be able to have scratch paper to work with the numbers that they 
were distributed.
• Players normally will have 30 seconds to come up with their solutions. As a 
support, players can have an extra 30 seconds (1 minute total).
• Supply a times table for players.
• Create a visual of the rules that they could easily reference during the game.
• Play a practice round to be able to model the game.
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standing of working memory based on what they had displayed by creating and 
demonstrating their games. Using information from the assessment, the instructor 
gained valuable insight about what the students knew to stimulate discussions on 
the topic and how working memory is related to other aspects of learning.
 This experience and the discussions that followed are possibly one step in the 
process of preservice teachers gaining knowledge of working memory that can serve 
as a foundation for making sound decisions about teaching strategies that address 
the challenges students with LD may face with working memory. For example, 
situations in the created games during which working memory was overloaded 
may help preservice teachers think about how students can be overwhelmed with 
multistep situations or being faced with new and difficult concepts. And, in the 
discussions of these concepts with the preservice teachers, the first author often 
helped his students make these connections.
 As with the preservice teachers in this study, other teachers may benefit from 
developing a high level of understanding of working memory. Students with LD 
tend to struggle with working memory and will rely on their teachers to notice when 
they are struggling and find ways to strategically modify task difficulty to avoid 
overloading students’ working memory and support their thinking processes (Hord 
et al., 2018; Swanson & Siegel, 2001). Teachers will also need to teach students 
with LD to support their own thinking processes with strategies like offloading 
information onto paper (Risko & Dunn, 2015). Students with LD are likely to be 
especially in need of support for working memory from their teachers when they 
are anxious, which is likely to occur frequently due to the tendency of students 
with LD to struggle with anxiety (Ashcraft & Krause, 2007; Nelson & Harwood, 
2011). To succeed with teaching students with LD, teachers need to be equipped 
with a deep understanding of working memory and a skill set for making good 
teaching decisions based on their understanding of working memory. To provide 
this needed training, teacher educators can utilize MEAs designed to help preservice 
teachers develop and demonstrate their understanding of working memory. These 
experiences for preservice teachers can provide some of the training that students 
with LD will need their teachers to have to address these challenging teaching 
situations.
In addition to anxiety, there are many interconnected concepts, in addition to working 
memory, that special educators need to understand about students’ cognitive and 
noncognitive functions, including information processing, emotional regulation, 
motivational regulation, attention, and reasoning (Council for Exceptional Children, 
2015). Our findings suggest that MEAs may be a useful tool for building a more 
complete picture of students’ psychological characteristics and interactions in the 
classroom. Yet, addressing the complexities of students with LD is no small task, 
and finding parts of the solution to this challenge may require special education 
researchers to consider how other fields have addressed challenges that have been 
problematic in preparing undergraduates in their respective disciplines. As with how 
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we utilized MEAs from STEM fields, special education researchers may need to 
consider work in other disciplines, such as psychology, sociology, or anthropology, 
and consider how undergraduates are prepared in these fields as well as find other 
ways to apply knowledge from these fields in general for addressing the challenges 
that special educators face.

Limitations and Implications for Future Research and Practice

 We conducted analysis of only four groups of students from one class. Also, tran-
scripts were not member checked with participants, which would have strengthened 
the study. Although the findings from this study shed light on the use of a MEA with 
one class of students with regard to the topic of working memory, future research 
studies should be targeted toward the work of more groups of students and potentially 
other topics, such as motivation, cognition, and emotion. Students with LD can have 
fluctuating levels of emotions during the process of solving challenging problems 
(Hord et al., 2018), and preservice teachers could be more prepared to deal with 
emotional components of struggling in school if they have a deeper understanding of 
the relationship between emotion and learning. Within the broad concept of working 
memory, there are also possibilities for further investigating related concepts, such 
as anxiety. Anxiety is common among students with LD (Nelson & Harwood, 2011) 
and warrants attention from special education researchers.
 Special education researchers should also consider how preservice teachers 
may be able to transfer their own learning experiences with MEAs to their own 
teaching of students with LD regarding the academic content they need to teach 
their students and study skills their students with LD need to develop. For example, 
in relation to teaching students study skills and strategies for solving multistep 
word problems, teachers could use MEAs to show their students how to offload 
information onto scratch paper so that they have better opportunities to succeed 
in these situations. By teaching students about how their working memory can be 
overloaded, either through a MEA about something like a card game or simply in 
the context of solving a multistep word problem, teachers can show their students 
the value of offloading to make challenging problems easier to manage.
 In relation to teaching academic content to students with LD, special educa-
tion teacher educators could consider using a MEA, such as the activity described 
in this study, with a group of preservice teachers to teach about something like 
working memory but also as a springboard for teaching preservice teachers how to 
design their own MEAs for teaching academic content to students with LD. Once 
preservice teachers are introduced to the structure of MEAs, teacher educators 
have a potentially better opportunity to help preservice teachers develop their own 
MEAs for challenging elementary and secondary academic concepts. In addition to 
creating their own MEAs, teachers could access existing MEAs, possibly through 
assigned readings (e.g., Bostic, 2013; Magiera, 2013), for future use in their own 
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classrooms or for further discussion in teacher preparation courses. These MEAs 
could be valuable tools for preservice teachers in their careers. Providing teach-
ers with these tools may help them avoid the consequences they may face if their 
students do not succeed on high-stakes tests (Croft et al., 2016). Most importantly, 
this learning and growth of teachers may empower them to provide the teaching 
their students will need for accessing opportunities that are not available if students 
do not succeed on high-stakes tests (Ysseldyke et al., 2004).

References
Achieve. (2015). ELA, math, and science course requirements across states [Data file]. http://

www.achieve.org/publications/ela-math-and-science-course-requirements-across-states
Andersson, U. (2008). Mathematical competencies in children with different types of 

learning difficulties. Journal of Educational Psychology, 100(1), 48–66. https://doi.
org/10.1037/0022-0663.100.1.48

Ashcraft, M. H., & Krause, J. A. (2007). Working memory, math performance, and math 
anxiety. Psychonomic Bulletin and Review, 14, 243–248. https://doi.org/10.3758/
BF03194059

Baddeley, A. D. (2003). Working memory and language: An overview. Journal of Commu-
nication Disorders, 36(3), 189–208. https://doi.org/10.1016/S0021-9924(03)00019-4

Barrouillet, P., Bernardin, S., Portrat, S., Vergauwe, E., & Camos, V. (2007). Time and 
cognitive load in working memory. Journal of Experimental Psychology: Learning, 
Memory, and Cognition, 33(3), 570–585. https://doi.org/10.1037/0278-7393.33.3.570

Bostic, J. (2013). Model-eliciting activities for teaching mathematics. Mathematics Teaching in 
the Middle School, 18(5), 262–266. https://doi.org/10.5951/mathteacmiddscho.18.5.0262

Brantlinger, E., Jimenez, R., Klinger, J., Pugach, M., & Richardson, V. (2005). Qualita-
tive studies in special education. Exceptional Children, 71(2), 195–207. https://doi.
org/10.1177/001440290507100205

Bressoud, D., & Zorn, P. (2018). Introduction to special issue of PRIMUS on improving the 
teaching and learning of calculus. PRIMUS, 28(6), 473–475. https://doi.org/10.1080/ 
10511970.2017.1391359

Cogmed. (2019). Space mines patrol. https://www.cogmed.com/
Council for Exceptional Children. (2015). What every special educator must know: Profes-

sional ethics and standards.
Croft, S. J., Roberts, M. A., & Stenhouse, V. L. (2016). The perfect storm of education reform: 

High-stakes testing and teacher evaluation. Social Justice, 42(1), 70–92.
Ericsson, K. A., & Kintsch, W. (1995). Long-term working memory. Psychology Review, 

102(2), 211–245. https://doi.org/10.1037/0033-295X.102.2.211
Every Student Succeeds Act, Pub. L. No. 114-195, Stat. 1177 (2015).
Eysenck, M. W., Derakshan, N., Santos, R., & Calvo, M. G. (2007). Anxiety and cogni-

tive performance: Attentional control theory. Emotion, 7(2), 336–353. https://doi.
org/10.1037/1528-3542.7.2.336

Flevares, L. (2010). Early elementary students’ representation choice and use during word 
problem solving. In P. Brosnan, D. B. Erchick, & L. Flevares (Eds.), Proceedings of 
the 32nd annual meeting of the North American Chapter of the International Group 
for the Psychology of Mathematics Education (pp. 785–790). Ohio State University.



Casey Hord & Benjamin Wiles

95

Graham, S., Collins, A. A., & Rigby-Wills, H. (2017). Writing characteristics of students 
with learning disabilities and typically achieving peers: A meta-analysis. Exceptional 
Children, 83(2), 199–218. https://doi.org/10.1177/0014402916664070

Hamilton, E., Lesh, R., Lester, F., & Brilleslyper, M. (2008). Model-eliciting activities 
(MEAs) as a bridge between engineering education research and mathematics educa-
tion research. Advances in Engineering Education, 1(2), 25.

Hestenes, D., Wells, M., & Swackhamer, G. (1992). Force concept inventory. Physics Teacher, 
30(3), 141–158. https://doi.org/10.1119/1.2343497

Hord, C., Marita, S., Ayaz, S., Tomaro, T. M., Gordon, K., Tunningley, J., & Haskins, S. 
(2018). Diverse needs of students with learning disabilities: A case study of tutoring 
two students in algebra. Journal of Research in Special Educational Needs, 18(S1), 
25–35. https://doi.org/10.1111/1471-3802.12415

Hord, C., Tzur, R., Xin, Y. P., Si, L., Kenney, R., & Woodward, J. (2016). Overcoming 
a 4th grader’s challenges with working-memory via constructivist-based pedagogy 
and strategic scaffolds: Tia’s solutions to challenging multiplicative tasks. Journal 
of Mathematical Behavior, 44, 13–33. https://doi.org/10.1016/j.jmathb.2016.09.002

Individuals With Disabilities Education Improvement Act, Pub. L. No. 108-446 (2004).
Lesh, R., & Caylor, B. (2007). Introduction to the special issue: Modeling as application 

versus modeling as a way to create mathematics. International Journal of Computers 
for Mathematical Learning, 12, 173–194. https://doi.org/10.1007/s10758-007-9121-3

Lesh, R., & Doerr, H. (Eds.). (2003). Beyond constructivism: Models and modeling perspec-
tives on mathematics solving, learning, and teaching. Erlbaum.

Lesh, R., English, L., Sevis, S., & Riggs, C. (2013). Modeling as a means for making power-
ful ideas accessible for children at an early age. In S. J. Hegedus & J. Roschelle (Eds.), 
The SimCalc vision and contributions: Democratizing access to important mathematics 
(pp. 419–436). Springer.

Magiera, M. (2013). Model eliciting activities: A home run. Mathematics Teaching in the 
Middle School, 18(6), 348–355. https://doi.org/10.5951/mathteacmiddscho.18.6.0348

Maxwell, J. A. (1992). Understanding and validity in qualitative research. Harvard Edu-
cational Review, 62, 279–300. https://doi.org/10.17763/haer.62.3.8323320856251826

Moore, T., & Diefes-Dux, H. (2004). Developing model-eliciting activities for undergraduate 
students based on advanced engineering content [Paper presentation]. Thirty-fourth 
annual Frontiers in Education, Savannah, GA, United States.

Murata, A., & Kattubadi, S. (2012). Grade 3 students’ mathematization through modeling: Situ-
ation models and solution models with multi-digit subtraction problem solving. Journal 
of Mathematical Behavior, 31(1), 15–28. https://doi.org/10.1016/j.jmathb.2011.07.004

Nelson, J. M., & Harwood, H. (2011). Learning disabilities and anxiety: A meta-analysis. Jour-
nal of Learning Disabilities, 44(1), 107–110. https://doi.org/10.1177/0022219409359939

Risko, E. F., & Dunn, T. L. (2015). Storing information in-the-world: Metacognition and 
cognitive offloading in a short-term memory task. Consciousness and Cognition, 36, 
61–74. https://doi.org/10.1016/j.concog.2015.05.014

Saul, J. M., Allain, R. J., Deardorff, D. L., Abbott, D. S., & Beichner, R. J. (2000). Intro-
duction to Scale Up: Student centered activities for large enrollment university [Paper 
presentation]. ASEE annual conference, St. Louis, MO, United States. https://peer.
asee.org/8515

Schuchardt, K., Gebhardt, M., & Mäehler, C. (2010). Working memory functions in chil-
dren with different degrees of intellectual disability. Journal of Intellectual Disability 



Making Models of Working Memory

96

Research, 54(4), 346–353. https://doi.org/10.1111/j.1365-2788.2010.01265.x
Sevinc, S., & Lesh, R. (2018). Training mathematics teachers for realistic math problems: 

A case of modeling-based teacher education courses. ZDM Mathematics Education, 
50, 301–314. https://doi.org/10.1007/s11858-017-0898-9

Shulman, L. (1986). Those who understand: Knowledge growth in teaching. Educational 
Researcher, 15(2), 4–14. https://doi.org/10.3102/0013189X015002004

Stake, R. E. (2010). Qualitative research: Studying how things work. Guilford Press.
Steen, L. (1988). Calculus for a new century: A pump, not a filter, a national colloquium, 

October 28–29, 1987. Mathematical Association of America.
Stohlmann, M. (2013). Model eliciting activities: Fostering 21st century learners. Journal 

of Mathematics Education at Teachers College, 4(2), 60–65.
Strauss, A., & Corbin, J. (1998). Basics of qualitative research: Techniques for developing 

grounded theory (2nd ed.). SAGE.
Swanson, H. L., & Beebe-Frankenberger, M. (2004). The relationship between working 

memory and mathematical problem solving in children at risk and not at risk for seri-
ous math difficulties. Journal of Educational Psychology, 96(3), 471–491. https://doi.
org/10.1037/0022-0663.96.3.471

Swanson, H. L., & Siegel, L. (2001). Learning disabilities as a working memory deficit. 
Issues in Special Education, 7(1), 1–48.

van Garderen, D. (2007). Teaching students with LD to use diagrams to solve mathemati-
cal word problems. Journal of Learning Disabilities, 40(6), 540–553. https://doi.
org/10.1177/ 00222194070400060501

Xin, Y. P., Jitendra, A., & Deatline-Buchman, A. (2005). Effects of mathematical word prob-
lem solving instruction on middle school students with learning problems. Journal of 
Special Education, 39(3), 181–192. https://doi.org/10.1177/00224669050390030501

Ysseldyke, J., Nelson, R., Christenson, S., Johnson, D. R., Dennison, A., Triezenberg, H., 
Sharpe, M., & Hawes, M. (2004). What we know and need to know about the con-
sequences of high-stakes testing for students with disabilities. Exceptional Children, 
71(1), 75–95. https://doi.org/10.1177/001440290407100105


