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looked in the design and development of the assess-
ments  themselves. We used principles of
Human-Centered Design (HCD) to systematically
solicit, study, and integrate teachers’ needs in the
design and development of a classroom-based early
mathematics assessment. We recruited 18 teachers to
participate in a series of research activities that align
with HCD methodology. Data informed the articula-
tion of the use case and test specifications, thereby
elevating teachers’ voices to improve test-develop-
ment decisions that consider the end users from the
start.

Designing assessments is a complex process that involves multiple com-
ponents and is informed by various perspectives and constraints. Essential
components that drive assessment design and development decisions
include alignment with the intended purpose and uses, accordance with
content representation and relevance, assurances of accessibility and fair-
ness across the tested population, and adherence to technically rigorous
standards (American Educational Research Association et al., 2014). Also
important to the decision-making process is the involvement of stake-
holders who will use and interpret the results (Gulikers et al., 2009; Ryan,
2002). For large-scale summative assessments, these stakeholders may
include policy makers at the state or local level who will use the results

CONTACT Leanne R. Ketterlin-Geller €) Ikgeller@smu.edu @) Department of Education Policy &
Leadership, Southern Methodist University, Dallas, TX, USA.

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/15305058.20
24.2306549.

© 2024 International Test Commission


https://doi.org/10.1080/15305058.2024.2306549
http://crossmark.crossref.org/dialog/?doi=10.1080/15305058.2024.2306549&domain=pdf&date_stamp=2024-4-18
mailto:lkgeller@smu.edu
https://doi.org/10.1080/15305058.2024.2306549
https://doi.org/10.1080/15305058.2024.2306549
http://www.tandfonline.com

104 L. R KETTERLIN-GELLER ET AL.

to inform decisions related to evaluating programs and allocating resources
(Kane, 2013). In the case of classroom-based assessments, important
voices include local stakeholders, such as teachers, students, and parents,
who may use or interpret the results to guide instruction, target effort, or
provide supplemental support, respectively.

International guidelines on test development often reference the critical
role stakeholders’ input plays at various points in the test development
process. For example, the International Test Commission’s Guidelines on
Quality Control in Scoring, Test Analysis, and Reporting of Test Scores
(2012) explicitly call attention to collecting data from stakeholders via
focus groups, think-aloud or individual interviews, or other means about
the comprehensibility and interpretability of data conveyed on score
reports (see Standard 2.5.1.1). Seeking stakeholders’ input during other
phases of test development is not emphasized in these guidelines, and is
often not seen in practice. For example, McDonald et al. (2021) report on
a 3-year collaboration between researchers and stakeholders at a local
school district to evaluate the teachers perceptions of feasibility and
usability of two existing early grades mathematics assessments. This
example illustrates the importance of including teachers’ voices when
selecting and implementing existing assessments within a novel context;
however, teachers’ input was not considered from the initiation phases of
instrument development.

Without considering teachers’ perspectives during all phases of instru-
ment development, assessment design and development decisions may
inadvertently lead to results that are less useful to the end user. At least
two plausible unintended consequences of this situation are that (a) stake-
holders deem the assessments ineffective for addressing their needs, and
thus discontinue their use, or (b) stakeholders use the assessment results
in unintended ways, thereby compromising validity. Given the expense
(e.g., fiscal, human capital, time) involved in test development and imple-
mentation, both outcomes are untenable. In this manuscript, we describe
a novel application of Human-Centered Design (HCD) to test develop-
ment. We applied HCD principles as a way of systematically integrating
teachers’ perspectives in the design and development phases of
classroom-based assessments for two early mathematics constructs,
with an emphasis on specifying the use case and delineating design
specifications.

HCD: a process for integrating teachers’ voices in test development

HCD, also referred to as user-centered design, is a process to understand
the needs and wants of the end users of an object, product, system, or
service, and is often used in product design and technology or interface
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design. A series of phases is strategically used to gather data to allow
developers to better understand users’ experiences within a given context
with the goal of improving a process, product, or experience (Nielsen,
1993). HCD draws from both qualitative and quantitative methods of
research practiced in ethnographic and social sciences to approach prob-
lem solving in a way that centers on the intended users’ experience to
inform design solutions and outcomes. According to Giacomin (2014),
HCD is “based on the use of techniques which communicate, interact,
empathize and stimulate the people involved, obtaining an understanding
of their needs, desires and experiences which often transcends that which
the people themselves actually realised” (p. 609). The resulting insights
are them applied to define the core problem being solved for the user
and address key aspects of their experience to improve usability and
adoption of the product or solution.

HCD can be conceptualized as involving five general phases of imple-
mentation: understand, define, prototype, test, and tell (see Figure 1).
Within the first phase of the HCD methodology, researchers seek to
understand deeply a given context by engaging with participants and
environments to generate empathy. Secondary and primary research is
conducted to collect data that can help define a design opportunity within
the given context. By including primary sources of research such as inter-
views, focus group data, and observations, the end users remain central
to the process, and the development of future prototypes and products is
grounded in the actual users’ perspectives and needs.

Figure 1. Human-centered design process and methods used by phase.
Note. Adapted from Professors Kate Canales and Gray Garmon’s instruction in the Southern Methodist
University Master of Arts in Design and Hasso Plattner Institute of Design at Stanford (2020).
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Once data are collected and externalized, researchers analyze data to
identify themes. These themes then can be synthesized to harvest insights
related to the needs of the end user and identify opportunities for proto-
typing (or testing to learn with a low fidelity version of the product) to
answer remaining questions. Synthesis of the data and themes identified
involves both the application of analytical thought and developing holistic
understanding of the needs of the users. By developing a deeper under-
standing of the context and needs, designers can begin to develop proto-
types that will directly or indirectly address the users’ given needs.

After prototypes have been developed (often through rapid, low-reso-
lution iteration), they are tested to find answers to further questions and
iterated on to solve for the greater design challenge. Once testing of pro-
totypes is complete and findings are determined, solutions and possible
recommendations can be made through the tell or dissemination phase.

As illustrated above, HCD offers an approach to integrating end users’
perspectives throughout the design and development of a process, prod-
uct, or experience; yet, it is not commonly applied in educational con-
texts. In this manuscript, we describe the application of HCD to test
development with the aim of designing classroom-based assessments that
are more reflective and responsive of the end users needs. Beginning
with establishing a use case, we integrated teachers’ voices throughout the
test development process. Although we follow established guidelines for
test development (c.f., Lane et al., 2016), the application of HCD in this
context is novel. Our goal is to illustrate how this methodology can be
rigorously applied to improve test development decisions.

A use case for classroom-based assessments

Use cases are commonly used in software development or for business
processing systems as a mechanism for incorporating the voices of key
stakeholders and users in the documentation of the goals for the system.
During the process of articulating a use case, end users work with devel-
opers to create a shared vision for and understanding of how the end
users will interact with the system and how the system will respond to
these users’ actions (Cockburn, 2000). A useful analogy is a wheel, in
which the use case is the hub from which the system-level requirements
radiate like spokes. The concept of a use case has been sparingly applied
in the field of educational assessment but shows promise for supporting
research—practice partnerships (Penuel & Watkins, 2019) and interdisci-
plinary development teams (Penuel et al., 2014).

When applied to test development, a use case specifies how the end-us-
ers want to use and interact with the test results. Within the process of
using classroom-based assessment data to guide instruction, teachers are
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the end users and want to make specific interpretations (e.g., monitoring
student progress) and resultant actions (e.g., planning next steps in instruc-
tion, forming heterogeneous or homogeneous groups). Moreover, temporal
considerations relate to their actions (e.g., reteach concepts prior to intro-
ducing new information). Test design and development decisions can sup-
port the end users’ intended actions and interpretations of the test scores.
It follows that precisely delineating the use case for an assessment system
may enhance the validity of the uses and interpretations of the results.

A priori consideration of the intended uses and interpretations of test
scores is the first step when designing an assessment. The Test Standards
(American Educational Research Association et al., 2014) and notable test
development resources (c.f., Lane et al., 2016) clearly state that test devel-
opment begins with specifying the test’s purpose, and subsequent test
development decisions must align with the purpose. However, a commu-
nication gap between test developers and end users often compromises
the validity of test-score uses and interpretations (Chatterji, 2013). Use
cases bring to this process the intentional systemic integration of the end
users’ voices. By meaningfully incorporating test-score users throughout
the test design and development process, the resulting test scores are
more likely to be usable and useful, thereby avoiding the unintended con-
sequences resulting from underuse or misuse of test results.

In this manuscript, we describe how we applied HCD in an iterative
process to establish the use case and subsequent test design decisions for
a classroom-based assessment system focused on two early mathematics
constructs. Before reporting on the methods and findings from the
research activities we conducted with teachers as the end users of class-
room-based assessments, we describe the importance of these early math-
ematics constructs in kindergarten through Grade 2 (K-2). Within this
discussion, we introduce the concept of learning progressions, which
forms the basis of instruction and assessment for these constructs.

Classroom-based assessment of early mathematics

Early mathematics skills are strong predictors of future mathematics
(Watts et al.,, 2014) as well as science (Claessens & Engel, 2013), reading
(Duncan et al., 2007), and future socioeconomic status (Ritchie & Bates,
2013). However, much of the curriculum, instruction, and assessment in
the early grades focuses on reading (Clements & Sarama, 2016). This dis-
connect places teachers in a precarious position: knowing the importance
of early mathematics, yet having few resources to provide students with
high-quality learning experiences. Although teachers may be proficient in
designing instructional resources, they often have little to no experience
creating high-quality assessments (Bennett, 2011). Without trustworthy
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data to guide instructional decisions, teachers may be underprepared to
develop student proficiency in early grades mathematics concepts.

Two early mathematics constructs have emerged as being particularly
important yet underrepresented in curriculum, instruction, and assess-
ment: numeric relational reasoning (NRR) and spatial reasoning (SR).
NRR is closely related to number sense and is defined as a child’s ability
to analyze relationships between numbers or expressions using knowledge
of properties of operations, number decomposition, and known facts
(Baroody et al., 2016; Carpenter et al., 2003; Farrington-Flint et al., 2007).
NRR is predictive of mathematics achievement in the short and long term
(Aunio & Niemivirta, 2010; Nunes et al., 2012) and supports the devel-
opment of other mathematics concepts, such as algebraic reasoning.
Demonstrating NRR is not akin to reproducing a sequential set of proce-
dures to execute an algorithm, but instead requires reasoning through a
“strategic” decision-making process based on the relationships between
numbers (Whitacre et al., 2016). As an illustration, the child in the fol-
lowing scenario is demonstrating NRR: When presented with an addition
problem of 6+5, the child notes that as 5+5 is 10 and 6 is 1 more than
5, then 6+5 must be 1 more than 5+5.

SR is a child’s ability to interact with, navigate in, and understand their
environment (National Research Council [NRC], 2001, 2009). SR is pre-
dictive of future science, technology, engineering, and mathematics
(STEM) performance. In a meta-analysis examining the relationship
between spatial skills and mathematics, Atit et al. (2021) confirmed pre-
vious findings documenting a direct positive relationship between SR and
mathematics skills. Moreover, students with strong SR abilities are more
likely than students with weaker SR skills to pursue STEM college degrees
and careers (Uttal & Cohen, 2012; Wai et al., 2009). SR includes two
primary components: spatial orientation and spatial visualization (NRC,
2009). Spatial orientation refers to the ability to picture objects or settings
from different perspectives, such as mentally reorienting oneself to see
something from above or below. Spatial visualization is used when a child
imagines an object and transforms it mentally. Evidence suggests that SR
skills support students’ overall mathematics knowledge and specific con-
cepts such as place value, relationships between numbers (including rep-
resentations on the number line), and operations (Battista, 1990; Cheng
& Mix, 2013; Newcombe & Frick, 2010; NRC, 2001).

To support students development of early mathematics concepts,
including NRR and SR, researchers have begun investigating the develop-
mental sequence of knowledge and skills that underlie proficiency in
these constructs. These are most commonly referred to as learning trajec-
tories or learning progressions; however, because of the overlap in their
meaning (Confrey, 2018), we use the term learning progressions. Grounded
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in research on student learning, learning progressions are theories that
describe the development of sophistication in students thinking. They
illustrate the progression of understanding from novice or naive concep-
tualizations to more advanced or deeper understandings (Alonzo, 2018;
Bennett, 2015; Corcoran et al.,, 2009; Pellegrino, 2014). Learning progres-
sions are not intended to be deterministic; instead, they represent a hypo-
thetical progression through which individual students own pathways
may vary. Learning progressions hold great utility for designing instruc-
tion that builds on students” prior knowledge, supports conceptual growth,
addresses misconceptions, and integrates multiple ways of knowing. As
research continues to expand in this area (c.f., Confrey, 2018; Sarama &
Clements, 2019), learning progressions may be a valuable resource for
teachers.

Although instructional resources to teach early mathematics concepts
are emerging, the availability of classroom assessments are lagging behind.
The Measures of Early Mathematics Reasoning Skills (MMaRS; NSF
1721100) was designed to fill this need. The initial solution framework
focused on creating a universal screening assessment system to provide
teachers with information about students’ risk status for attaining profi-
ciency in these constructs (c.f. Kettler et al, 2014, for a description of
universal screening assessment practices). However, after initial discus-
sions with involved stakeholders, this use case was questioned, and the
utility of such an assessment was scrutinized. So began our quest to spec-
ify a use case and subsequently design classroom assessment resources
that would better align with teachers’ needs and preferences. We imple-
mented HCD as the methodological approach so as to systematically inte-
grate teachers’ voices, while simultaneously help us understand the barriers
and challenges to implementing and using tests in their classrooms. This
process enabled us to design the MMaRS classroom assessment resources
for maximum usability and utility.

Instantiated example of HCD in test development

For the remainder of this manuscript, we describe the research methods and
results associated with applying HCD to design and develop the MMaRS
classroom-based assessment system for NRR and SR. For each HCD phase,
we present the research questions we investigated; the methods and proce-
dures followed, including participants and data collection approach; and the
findings. All participants provided their written informed consent to partici-
pate; each phase of the research was approved by the Institutional Review
Board at Southern Methodist University and ethical standards for conducting
research were followed. Our goal is not to provide a thorough treatment of
each study; instead, we summarize how each phase contributed to the overall
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test development process (for detailed findings for each phase, see Barton
et al, 2019; McMurrer et al., 2020, 2021). The methodological approach asso-
ciated with each phase is summarized in Figure 1.

Understand phase

The primary research question guiding this phase focused on understand-
ing K-2 teachers’ needs and wants from an assessment system to guide
early mathematics instruction.

Participants

Eight K-2 teachers from five diverse school districts in the southern
region of the United States provided written consent to participated in
this research. As displayed in Table 1, all participants were white females
with at least 3years of teaching experience. Participants were nominated
by school or district leaders to participate based on their interest in early
mathematics education.

Procedures

We conducted two focus groups and a prioritization exercise. Focus
groups—or facilitated semi-structured group discussions—were selected to
address the research questions because they provide a forum for exploring
a variety of perspectives based on a shared experience (Carey & Asbury,
2012). Rich data are generated when the facilitator encourages interaction
among group members and discussion of varied experiences; consensus is
not expected or needed.

Both focus groups were facilitated by an experienced member of the
research team using standardized protocols (Krueger & Casey, 2009). Each
lasted approximately 1.5h and was conducted in-person at the research
office. At least two other members of the research team attended and took
field notes. Each meeting was structured to include an introductory activity
to allow participants to get to know each other and the facilitator, followed

Table 1. Summary of participants from the understanding phase of the research.

Teacher No. Gender Years of Experience Age Race/Ethnicity

1 Female 3 DNS White/European American
2 Female 6 30-39 White/European American
3 Female 10 30-39 White/European American
4 Female 18 40-49 White/European American
5 Female 20 40-49 White/European American
6 Female 20 50-59 White/European American
7 Female 20 50-59 White/European American
8 Female 20 50-59 White/European American

DNS: Did not state.
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by an overview of the purpose of the meeting. Every effort was made to
ensure that participants fully understood the expectations of their partici-
pation in the session and all ethical considerations for the use of inclusive,
non-biased language and the social-emotional safety of each participant was
accounted for throughout the planning and execution of each activity.

In the first focus group, teachers were prompted with questions about
how they make instructional decisions and their experiences with assess-
ments and data in reading and mathematics. The facilitator guided the
discussion and encouraged all participants to engage, providing ample
wait time and using open-ended questioning techniques to elicit as much
participation as possible.

Six of the original eight teachers participated in a second follow-up
focus group that was intended to seek confirmation (via member-check-
ing) of our previous findings and allow participants to prioritize the
instructional decisions. At the start of the meeting, participants received
a set of green and red stickers (9 of each). Green stickers indicated
high-priority decisions, and red stickers indicated low-priority decisions.
Around the room were posters with instructional decisions that emerged
from the first focus group. Teachers individually applied the stickers to
the statements according to their level of priority. Following this activity,
the trained facilitator led a discussion to understand the rationale for the
teachers’ placement of stickers.

Findings and conclusions

An important outcome of the Understand phase of the HCD process is
developing a deep understanding of the end users’ preferences and needs
for a given product or system (Bowie & Cassim, 2016; Hanington, 2003).
By seeking to understand, researchers develop empathy for the end users
as well as gather insights that can lead to innovation and creative under-
standing that will inform the ideation and prototype phases of development.

During the first focus groups, teachers shared their experiences and
opinions related to their use of data, score reports, and other tools for
assessment and data collection. Ultimately, participants identified 27 fine-
grained instructional decisions they want to make using data from class-
room assessments.

Quantitative data from the second focus group (number of stickers for
each statement) were summarized to identify high priority instructional
decisions. Twelve of the 27 statements received two or fewer stickers of
either color, indicating that a majority of the participants had neutral per-
ceptions of these decisions. Eight statements received four or more high
priority stickers, and six received four or more low priority stickers. One
statement received two of each color sticker. Transcripts from the facili-
tated discussion were open coded (Creswell, 2013) by two members of
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the research team using NVivo software to better understand teachers’
rationale for their selections. These codes helped us refine and cluster the
statements into two meaningful types of decisions that form the use case
for the classroom-based assessment system for NRR and SR:

1. Determine how to form groups for learning stations or centers and
intervention (9 high priority stickers; 0 low priority stickers)

o Know students’ current level of skills and knowledge (6 high prior-
ity stickers; 0 low priority stickers)

o Understand gaps in students’ knowledge based on errors or miscon-
ceptions (5 high priority stickers; 0 low priority stickers)

2. Determine the instructional sequencing that builds on students’ prior
learning (4 high priority stickers; 0 low priority stickers) and identi-
fies subsequent learning targets that could form the content of the
groups

o Determine which content should be weighted more heavily in
instruction (7 high priority stickers; 0 low priority stickers)

o Know how to increase the sophistication of content (4 high priority
stickers; 1 low priority stickers)

o Understand which content needs to be spiraled (e.g., reviewed and prac-
ticed multiple times) (4 high priority stickers; 0 low priority stickers)

Instructional decisions that received the lowest priority based on the
quantitative and qualitative analyses were: evaluating instructional strate-
gies based on their effectiveness (0 high priority stickers; 12 low priority
stickers), creating differentiated problem sets or number talks (2 high pri-
ority stickers; 13 low priority stickers), grouping students based on affec-
tive characteristics such as motivation or interest (0 high priority stickers;
8 low priority stickers), designing assessments (0 high priority stickers; 4
low priority stickers), and projecting growth toward end-of-the-year
benchmarks (0 high priority stickers; 4 low priority stickers).

Define phase

In this phase, designers begin to define the context in which the new process,
product, or experience will be used. Developing empathy for the end user is
central to this phase as it may improve the desirability and utility of the end
result (Fisher et al., 2021). In our research, this phase focused on defining the
context and constraints teachers face when using assessment data to make
instructional decisions. Our research question was: How do K-2 teachers per-
ceive of assessments and the role of data in their practices?
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Participants and procedures

Participants included six of the original eight teachers. Research activities
included collecting teachers’ affective expression of their personal experi-
ences and conducting a consensus-building activity.

To collect teachers’ affective expressions, we implemented an HCD
strategy called Love Letter/Breakup Letter (Martin & Hanington, 2012) to
explore the complicated and nuanced relationship that teachers have with
assessment data. A “love letter” and a “breakup letter” are typically writ-
ten expressions of the emotions one feels with regard to an intimate rela-
tionship with a person, whether at the beginning, middle, or end of the
relationship. This approach helps designers “understand the less tangible
aspects of the things they create; specifically, the social, human values and
meanings conveyed through the things and experiences we design, as well
as their understandability and usability” (Shedroff, 2003, p. 159).

At the start of the activity, teachers were prompted with a “Dear Assessment
Data” letter format as both a Love Letter and a Breakup Letter. An example
of the format was shared verbally with unrelated content, so as not to influ-
ence the participants. The example letters modeled what it sounded like to
personify an inanimate object or system (in our example, the postal system
and another well-known delivery system). These examples were developed to
encourage creativity and foster a level of comfort with the type of writing
being requested. Teachers were provided with approximately 10min to write
the letters and given the opportunity to share with the group when finished.

The consensus-building activity involved two HCD strategies: the KJ
Technique and affinity diagraming. The KJ Technique is an approach to
brainstorming and building consensus among large groups of people
within a limited amount of time (Kawakita, 1982). This technique origi-
nated in Japan as a method employed during business meetings to work
through difficult challenges in a large group, while providing every par-
ticipant with an opportunity to participate. The method is traditionally
completed silently until the participants are asked to discuss. Each partic-
ipant has an opportunity to write their ideas on sticky notes, and all are
encouraged to write as many ideas as possible, even building on one
another’s ideas and spurring further brainstorming. The next phase
involves associating ideas into meaningful groups. Affinity diagraming—a
collaborative method to organize ideas, themes, and priorities by “creating
a visual representation of a team’s observations, knowledge, concerns, and
ideas” (Martin & Hanington, 2012, p. 104)—can be employed at this stage.

A member of the research team who was skilled in implementing
HCD methods began the KJ Technique by prompting teachers with the
question, “What makes data useful and useable to you?” Two additional
members of the research team observed and took field notes, but did not
engage in the activities. Teachers silently wrote ideas on sticky notes and
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posted them on the wall. The facilitator guided the teachers through the
process of grouping and regrouping ideas silently, then through the step
of identifying themes and creating names or labels for each group, first
individually, then collectively.

An affinity diagram was created to illustrate the associations between
groups. Teachers were asked to share verbally their thinking related to the
label for each cluster of ideas. Collectively, the teachers decided to com-
bine groups, remove groups, change the labels, or leave them the same,
depending on unanimous agreement with all participants. Once the labels
were finalized for each group of ideas, participants voted for up to three
themes that represented the highest priority for their practices. These
themes were then ranked based on the highest number of votes and listed
in order of importance to represent the group consensus.

Findings and conclusions
Two researchers used an open coding method (Creswell, 2013) followed by
thematic analysis to analyze the artifacts from the HCD activities. Responses
were organized into four aspects of instrument development: (a) design of
assessments (e.g., purpose, test and item format, content blueprint), (b) test
administration or implementation (e.g., administration window, duration of
testing, standardization procedures), (c) presentation of test results (including
score reports), and (d) the instructional utility or action based on the results.
The Love Letters and Breakup Letters were analyzed based on affective
expressions related to the four aspects of instrument development.
Expressions were interpreted as positive, negative, or mixed. Across both
letters, teachers’ references to “presentation of test results” were coded as
expressing positive emotions 1.2 times as frequently as negative emotions.
By contrast, teachers’ references to “test administration or implementa-
tion” were coded as expressing negative emotions 4.25 times more fre-
quently than positive emotions. These coding frequencies are aggregated
and displayed in Table 2 and then disaggregated by source in Tables 3
and 4. In Table 3, for the Love Letters, the majority of comments focused

Table 2. Aggregated affect data from love and breakup letters.

Total references Affective references coded

coded + Mixed -
Theme No. % of total  No. % No. % No. %
Design of assessments 19 15 4 21 2 1" 13 68
Test administration or 43 33 8 19 1 2 34 79
implementation
Presentation of test 47 36 21 45 8 17 18 38
results
Instructional utility or 22 17 9 41 3 14 10 45

action
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on “presentation of test results” In Table 4, for the Breakup Letters, the
majority of the comments focused on “test implementation or
administration.”

The KJ Technique and affinity diagraming were designed to bring
cohesion to the participants’ perspectives. A wide range of ideas emerged
during the initial stages of this activity. As the facilitator supported the
participants’ clustering and labeling of groups, three distinct groups were
formed. First, teachers want data that align with the content expectations.
Second, teachers want flexibility in test implementation that is focused on
individualization. Third, and finally, teachers want data that are actionable
and (1) support instructional decisions, (2) are communicated in ways
that are clear and actionable, and (3) provide meaningful information for
parents.

Analyzing the data across research activities led to four insights that
helped us define the context and constraints associated with teachers’ use
of classroom assessment data. First, teachers in our sample value data that
are directly linked to their students’ learning and areas of growth. They
want fine-grained information that pinpoints students’ skills and gaps in
their understanding. They want data that directly connects to instruc-
tional practice. Teachers also noted that they feel greater ownership when
they have data that are actionable and interpretable.

Second, teachers expressed frustration with assessments that were man-
dated by external agencies (e.g., local or state education agency) and were
perceived as having limited value. Value was diminished when the content
of the assessments did not reflect their instructional goals and when the
data did not inform their instruction. Moreover, teachers expressed a lack
of agency when mandated assessments took considerable time away from
their instructional priorities. Relatedly, the third insight points to teachers’
appreciation for district policies that allow for flexibility in classroom
assessment practices. Teachers expressed a sense of empowerment when
district leaders allowed them to create their own formative assessments or
contribute multiple sources of data.

Fourth, participants emphasized the importance of conveying assess-
ment results in a way that is clear and actionable. Across data sources,
participants made multiple references to data that were confusing and
reports that were not easy to communicate with students or parent.
Teachers expressed a desire for assessment reports or results that
translate into action effectively and conveniently in the classroom
setting.

As a primary outcome of this phase, we decided to operationalize the
constructs as learning progressions to more closely align with the devel-
opment of students’ understanding in the domains. This shift was made
to account for teachers’ request for data that accurately reflect the
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fine-grained processes of learning and allow them to take strategic action.
Reporting data associated with the learning process may also facilitate
communication with students and parents.

Prototype phase 1: exploring the learning progressions

The next phase of the HCD process is to develop prototypes based on the
end users needs and preferences, as identified in the Understand and
Define Phases. The primary research questions guiding this phase were:
(1) What are teachers’ perceptions of the usefulness of learning progres-
sions-based classroom assessments? (2) What test specifications support
teachers’ use and engagement with the assessments?

Participants

Participants were recruited from the same school districts as the previous
research activities and were nominated by their school or district leaders.
Ten female teachers with direct experience teaching K-2 were recruited
to participate. As displayed in Table 5, teachers were roughly evenly dis-
tributed across grades and had 4-20years of experience.

Procedures

Two research activities were conducted to address the research questions:
focus groups and design charettes. Prior to participating in these activi-
ties, participants completed a 1-h online module that we created to better
understand learning progressions. The module included a basic definition
of learning progressions, an overview of how learning progressions align
with the learning process, and how assessments can be designed based on
learning progressions. All research activities were virtual and synchro-
nous, using Zoom video conferencing due to school closures caused by
the COVID-19 pandemic.

Table 5. Summary of participants from the prototyping phases of the research.

Teacher Years of Grade District Size &
No. Gender Experience Age Race/Ethnicity Level Locale

1 Female 4 20-29  White/European American K Large City
2 Female 14 30-39  White/European American K Large Suburb
3 Female 7 30-39  Black/African American K Large City
4 Female 20 50-59  White/European American 1st Large City
5 Female 12 40-49  White/European American 1st  Large Suburb
6 Female 6 20-29  White/European American 1st Rural Fringe
7 Female 10 30-39  White/European American 2nd Large City
8 Female 4 20-29  White/European American 2nd Large City
9 Female 13 30-39  Hispanic/Lantio American 2nd  Large Suburb
10 Female 20 40-49  White/European American 2nd  Large Suburb
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The focus group was designed to solicit teachers’ perceptions about the
usefulness of learning progressions-based classroom assessments and
lasted approximately 1h. Questions drew out participants’ reactions to
learning progressions and how they could use them in their practice. To
allow participants more opportunities to share their perspectives during
the focus group, the participants were divided into two groups of five.
Each group was facilitated by a member of the research team and two
additional researchers attended to take field notes.

To address the second research questions, we implemented design
charettes, an HCD strategy adapted from the importance-difficulty
matrix technique outlined by Hanington and Martin (2019), which are
“a workshop-style technique that provides a collaborative space that
allows for [the] creation and cross-pollination of design ideas to occur.
Designers and non-designers—including project stakeholders, engineers,
and users—can participate in a design charette” (Martin & Hanington,
2012, p. 58). Participants move between groups at systematic intervals so
ideas can be shared across a range of participants.

To implement the design charettes, we held a 1.5-h meeting that was
facilitated by three members of the research team. Participants were
arranged into three groups of three or four. An interactive whiteboard
space (e.g., Miro.com) was introduced, and participants were instructed to
draw or sketch, use icons, and use virtual sticky notes to collaboratively
design their ideal assessment. After 20min, two members of the original
group were moved to a new group. This rotation repeated twice for a
total of three sessions of 20min each.

The group reconvened and a lead facilitator from each group shared their
final design prototypes. Individual participants reflections were solicited.

Findings and conclusions

The focus groups elicited teachers’ perceptions of the usefulness of learning
progressions-based assessments. Following an open coding method (Creswell,
2013) and substantive categorization process (Corbin & Strauss, 2015;
Maxwell, 2005) alongside visual, sense-making tools such as the concept map
(Miles & Huberman, 1994; Strauss, 1987), the following themes emerged:

o Road map: Teachers referred to learning progressions as a road map
that identifies the direction of children’s learning. They also recognized
that it can be adaptable for individuals, because not everyone will fol-
low a linear pathway. Instructional decisions they referenced included
how to sequence content with the end in mind.

o Signpost: Teachers noted that learning progressions could indicate
where children are at in their learning. Instructional decisions include



120 L. R KETTERLIN-GELLER ET AL.

planning their instruction to identify the “next steps” in the learning
and designing practice activities to build on students’ current level of
knowledge and skills.

o Gap detector: Teachers noted that learning progressions could help
them identify gaps in students’ learning or misconceptions. Instructional
decisions include planning backwards to fill the gaps, such as going to
previous topics and correcting misunderstandings.

o Inform groupings: Teachers could use learning progressions for any of
the above-mentioned purposes in a whole group or small groups.

« Communicate with parents: Because of the intuitive nature of learning
progressions, teachers could communicate in a manner accessible to
parents the message of where a child is in the learning process and
where they are going.

These themes aligned with the needs and preferences identified in the
Understand Phase and the context and constraints that emerged in the Define
Phase. We concluded that the learning progressions may be a viable solution.

Design charettes were conducted to identify the test specifications that
would support teachers’ use and engagement with classroom assessments.
Design elements emerged from this prototyping session included:

Item design
o Assess using hands-on materials that do not feel like an assess-
ment to the children (e.g., game-like).
 Items could include a mix of observations and performance tasks.
o Materials should be accessible so all students have equitable
opportunities.
« Items should allow teachers to “see” students’ thinking.
Administration
o Facilitated by technology to aid in administration and scoring
and to reduce the paperwork burden
o One-to-one administration or in a small group and should
require little preparation
o Administration should take 5-7minutes per testing session and
can be extended over multiple small chunks
o Starting place can vary based on differences in students’ prior
knowledge

Prototype phase 2: exploring test design

Using the results from the Prototype Phase 1, we developed a prototype
of the MMaRS assessment interface for both teachers and students. We
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sought to address the research question: Which aspects of the initial pro-
totype are useful and usable, and which aspects are not? For those aspects
that were not useful or usable, we conducted a rapid prototyping session
to improve the design.

Participants and procedures

Six of the 10 teachers who participated in the prototyping Phase 1 ses-
sions also participated in Phase 2. We conducted a focus group via Zoom
that lasted about 2h. A member of the research team facilitated the focus
group, and two additional members took field notes. We shared a low-fi-
delity prototype sequential process (e.g., one page at a time). Participants
received a list of words and were instructed to select three to five that
best described their immediate reactions to the prototype. The word list
was adapted from Benedek and Miner (2002) and Rohrer (2008). The
trained facilitator led a discussion about their responses.

Following the discussion, participants were divided into two groups of
three and engaged in a participatory co-design activity to redesign aspects
of the prototype that participants labeled as being problematic. Co-design
involves eliciting and valuing participants’ voices by actively engaging end
users in the design process (Martin & Hanington, 2012; McKercher,
2020). Because of the virtual environment, participants printed the mate-
rials and redesigned the prototype. After working independently, the
research team facilitated a collaborative discussion using a virtual white-
board to allow each participant to share their design.

Findings and conclusions

First independently and then in a collaborative discussion, two research-
ers coded the data for organizational categories and possible substantive
categories (Maxwell, 2005). The substantive categorizations included:

o Information architecture: The positive words most often used by
teachers to describe the prototype included “organized,” “clear, and
“accessible” The most often used negative words were “confusing”
and “complex” Teachers emphasized the need to use concise and
understandable language that is familiar to teachers.

o Design elements: Teachers overwhelmingly preferred information
presented in lists and in a vertical flowchart format. Teachers reacted
positively to many of the design features, including the use of circles
and bolding for important terms alongside the squared text boxes
with columns of narrative. Teachers were mixed in their perception
of the length of the prototype (some thought it was too long, and
some thought it was just right).
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o Level of detail: A majority of the teachers perceived the prototype
as overwhelming, wordy, and too technical. Teachers wanted suffi-
cient detail to make decisions but noted that the text needs to be
comprehensible.

o Pathways for decision-making: Teachers noted the usefulness of the
flowcharts and the simplicity of the decision trees. Most teachers
also liked seeing examples of student thinking in the flowcharts to
help interpret the content; however, one teacher was confused as to
the purpose of the examples.

The positive aspects of the initial prototype were retained in the revised
prototype. The recommendations were discussed and incorporated into
the co-designed prototype. Together, the participants created the next iter-
ation of the prototype. In Appendix A, we display an annotated example
page of a teacher interface prototype with excerpts of teacher feedback
listed for reference and the participants’ co-design recommendations. The
purpose of the resource prototype is to help teachers select the constructs
they would like to assess within the learning progression for their students.

Discussion

When designing a process, product, or experience, Johnson et al. (2005)
points out that a mismatch between the end users’ perceptions and those
of the designers can lead to complications from both perspectives: The
end users may be less likely to get what they want and need, and devel-
opers may spend additional time and resources trying to address prob-
lems later in the development (e.g., providing technical support, redesign).
When designing classroom-based assessments that are intended to sup-
port teachers’ instructional decisions, the wants and needs of teachers
should drive many of the design decisions. The process of involving
stakeholders in the design of assessments is not new (Ryan, 2002). As the
primary user of classroom-based assessment results, teachers are key
stakeholders whose input should be considered throughout the design
and development phases; however, teachers’ voices are often not system-
atically incorporated. What may follow are assessments that are not useful
or usable as tools to support teachers’ instructional decisions. Consequently,
teachers may disengage from the assessment process (e.g., not administer
the assessment or administer the assessment but not use the results) or
use the results in unintended ways. These outcomes compromise the
validity of the uses and interpretations of the test results.

In this manuscript, we described a novel application of HCD to the
design of classroom-based assessments. Although various methods exist
to incorporate stakeholders’ perspectives in test development (e.g., focus
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groups, interviews), we opted to apply HCD because it offered a thorough
and systematic approach. HCD concurrently emphasizes developing empa-
thy for the end users and co-designing plausible solutions. By thoroughly
understanding teachers’ wants and needs from an empathetic perspective
and using this understanding in the co-design process, we were better
able to identify design elements that improved the usefulness and usabil-
ity of the final assessment system.

In the Understand Phase, the guiding research question focused on
understanding teachers’ needs and wants from an early mathematics
assessment system. Focus group discussions provided deeper insights into
the teachers’ current assessment practices and experiences. Teachers iden-
tified multiple decisions they want to make to support their mathematics
instruction; many of which they do not currently have data. Narrowing
in, they prioritized two key decisions that would most impact their
instruction, and thus students’ opportunities to learn NRR and SR. These
activities supported the specification of the use case for the MMaRS
assessment system.

Data collected in the Define Phase addressed the research question of
how teachers perceive of assessments and the role data play in their cur-
rent practices. Our analyses illustrated the disengagement teachers expe-
rience when assessment systems do not meet their needs. The Love
Letters and Breakup Letters illuminated teachers’ perceptions about mul-
tiple aspects of test design, administration, and use. Most frequently,
teachers expressed negative emotions associated with test administration.
They were frustrated by mandated assessments that they perceived as
having little value in their instruction. Conversely, positive emotions were
expressed when discussing the presentation of test results. Teachers sought
out results that would provide actionable information to guide their
instruction. With these data, we defined the context and constraints
teachers face when using classroom assessment data and used this infor-
mation to build the initial prototypes of the MMaRS assessment.

During the Prototype Phase, we used HCD strategies to iteratively
design the testing interface to maximize usability. Our research questions
primarily focused on identifying, understanding, and ameliorating teach-
ers perceptions of the usefulness and usability of the assessments. We
engaged users in a two-phase prototyping exercise. Through this process,
we created a shared vision for and understanding of how teachers—as the
end users—will engage with the MMaRS assessment system (Cockburn,
2000). As a result of improving the communication between the end
users and the test developers, HCD facilitated a closer alignment between
the intended and enacted uses and interpretations of the test results. Once
the MMaRS assessment system is operational, additional data about the
actual classroom-based uses can be collected to verify this alignment.
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Implications for future research and practice

Further research is needed on uses of and approaches for integrating
stakeholders” perceptions into the design and development of assessments.
First, given the context of the MMaRS assessment, which focuses on two
early mathematics constructs that are not mandated to teach within the
school curriculum, it was necessary for us to engage with stakeholders to
articulate the use case. However, in content areas with high accountability
expectations, teachers may have less choice about the uses of assessments.
Additional research is needed to determine how to meaningfully integrate
stakeholders™ voices in these settings.

Second, given the importance of stakeholders’ perceptions on the validity
of the uses and interpretations of assessment results, additional research is
needed to examine how to integrate stakeholders’ voices into existing
assessment systems. For example, many international assessments (e.g.,
Trends in Mathematics and Science Survey; TIMSS) incorporate context
questionnaires as part of test administration. Teachers respond to questions
about a variety of topics including their school’s culture and environment,
perceptions and attitudes toward teaching, professional learning experiences,
and instructional practices. For instance, on the TIMSS questionnaire,
teachers are asked to rate their perception of the importance of specific
assessment practices in their mathematics and/or science classes. They are
also asked to state whether or not they have received professional develop-
ment on mathematics and/or science assessment, and if they need profes-
sional development on mathematics and/or science assessment. Test
developers could use these data to determine teachers’ current assessment
practices and make inferences about their need for professional learning
experiences. Although these data may not directly contribute to future iter-
ations of the assessment, they could meaningfully inform how policy mak-
ers engage with teachers about the role of assessment in their practice.
Future research could explore how findings from these types of question-
naires can proactively inform iterative test development decisions.

Third and finally, the research described in this manuscript illustrates
the use of specific HCD approaches. Further research is needed to explore
the applicability of other HCD approaches and/or the integration of other
qualitative and quantitative research designs. Expanding on the range of
approaches available to test developers seeking to integrate stakeholders’
voices may support future test development efforts.

Limitations

Several key limitations of the research reported in this manuscript impact
the generalizability of the findings. First, the sample sizes used in each
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phase were small; however, they were appropriate for the HCD activities
used to collaborate with the participants. Although care was taken to
select participants from various contexts (e.g., school type, geographic
locale, diversity of student population), all participants were recruited
from one southern state in the United States. As such, all participants
experienced similar education policies and practices associated with test-
ing. This similarity in context may impact the transferability of the find-
ings to other regions in the United States or elsewhere. Second, the
collaborative nature of some research activities (e.g., focus groups, KJ
Technique, design charettes) may have led participants to respond in
socially desirable or expected ways, thereby causing a false sense of con-
sensus. Because the outcomes from the research activities impacted the
design of the MMaRS assessments, these limitations may impact the use-
fulness and usability of these assessments in other contexts.

Conclusions

This manuscript presented an approach for meaningfully incorporating
stakeholders’ perspectives into the design and development of a class-
room-based assessment system. HCD offers a systematic way of integrating
users’ voices into the design of products, services, and systems, but is not
often applied in educational contexts. We instantiated the use of HCD
methods in the design and development of classroom-based assessments for
each mathematics construct. By focusing on the end users’ needs and wants
in an assessment system, our goal is to improve the utility and usability of
the test, thereby supporting valid interpretations and uses of the results.
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