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Abstract — This work-in-progress research explores the practice
of formative assessments (FA) in the form of informal FA
conversations by a high school teacher teaching engineering
design curriculum in an all-girls high school in the US
southwest. An observation protocol informed by the Eliciting,
Students’ response, Recognition, and Use (ESRU) model and
Formative Assessment Cycle was developed and testing to
capture informal FA practices in an authentic setting using
classroom observations. The teacher observed in this study had
no explicit awareness that her practices were being observed.
Initial observations show a frequent utilization of informal FA
practices associated with eliciting, recognizing, and using
student responses to connect to learning goals in the form of FA
conversations. These practices did not include clarifying
expectations or sharing learning goals. Initial observations also
show that the teacher frequently uses these practices to introduce
new topics instead of starting such engagements to assess
concepts that have already been delivered. Implications and
future directions will focus on understanding how these
inquisitive, informal FA practices can be used to deliver new
concepts and improve student learning.

Keywords —  formative  assessment, teacher
experiences, pre-college engineering education, learning
goals, engineering design.

I. INTRODUCTION

Research has established the forward (potentiating
learning of new information) and backward (retention of
already learnt information) effects [1, 2] of academic testing
in laboratory and classroom settings across various subject
areas, academic levels, and genders [3]. High test anxiety
associated with high stakes testing [4] undermines positive
effects towards student learning [4-6]. These findings make
formative assessments (FA) a favorable choice to leverage
the positive effects of testing. Despite varying definitions,
approaches, and ideas [8], formative assessment (FA) is a
form of testing that serves the fundamental purpose of
providing instructional feedback [9, 10] and facilitates
students’ learning during the teaching and learning process
[11,12].

FA has been widely recognized and proposed as one of
the core elements to enhance the effectiveness of teaching
and learning [13,14]. In process terms, FA is defined as a
learner-centered approach involving continuous collection
of information about students’ learning and using that

information to make decisions and to determine teaching
adjustments to meet student needs [15]. Extensive empirical
and theoretical research exists supporting the positive
effects of FA practices in its various forms (e.g., homework,
quizzes, projects, presentations, discussions etc.), contexts
(online, face-to-face, hybrid), and within different subject
areas [9, 16-19]. Research shows that FA helps teachers
assess their instructional effectiveness, aids students in
identifying and addressing misconceptions [18, 20], and
builds teacher-student relationships [21] to enhance
students’ learning achievement [22-24], engagement, and
satisfaction levels [19].

The use of FA has been on the rise in classroom practice
[25]. However, increased use has not resulted in widespread
adoption of FA as a teaching approach [26, 27]. Teachers
frequently encounter challenges when attempting to
translate FA theory into their teaching practices [28]. This
lack of understanding leads most teachers to adopt
formative assessments as a set of activities without
considering students’ autonomy [29, 30]. It is therefore
necessary to conduct more empirical research to examine
the nature of teachers' FA practices, analyze and elucidate
the FA process in the classroom, and ascertain the extent of
student involvement in this process [31, 32]. Wiliam [33]
contends that more descriptive research is necessary to
understand the specific actions teachers undertake in their
FA practices in the classroom before studying the effects of
FA on student learning. This study aims to provide
additional empirical evidence by investigating teacher FA
practices in the classroom.

II. THEORETICAL FRAMING

Numerous theories and frameworks exist that describe
and define formative assessment (FA) [34-37]. These
frameworks share certain common features, but each also
emphasizes its own distinct perspective on the process of
formative assessment (FA). This study uses the Elicit,
Student response, Recognition, Use (ESRU) framework
[35] while incorporating the first phase (clarifying
expectations) of the formal Formative Assessment (FA)
Cycle [37]. The chosen framing provides a foundation for
an in-depth study of formative assessment practices by a
high school teacher, teaching engineering design curriculum
at an all-girls high school in the US southwest.
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According to the ESRU framework [35], formative
assessment can take the form of an informal student-teacher
interaction (referred to as informal formative assessment
conversation), which allows teacher to gather information
about students’ level of understanding, mental models,
strategies, language, and communication skills to guide
instruction. The teacher asks a question (elicit), and students
respond to the question. The teacher then recognizes
students’ responses and compares them to the expected
responses (implicit learning goals) to identify the next
course of action (use) to move students towards the learning
goals. The ESRU model proposes examining informal
formative assessment conversations in relation to the three
interconnected facets of science education i.e., epistemic,
conceptual, and social. Epistemic structures refer to
knowledge frameworks involving rules and criteria (e.g.,
experiments, hypotheses, and explanations). Conceptual
structures involve deep understanding of concepts. Social
processes refer to students' scientific communications
related to scientific inquiry. This study aims to identify if
and how ESRU framework is used in a high school
engineering classroom. This study also tries to identify if the
teacher is sharing the learning goals with the students i.e.,
clarifying expectations prior to eliciting students’ responses,
recognizing these responses, and using these responses to
achieve the learning goals.

K Teacher Elicits ‘ Student \

Response Responds

Teacher Uses ‘ Teacher Recognizes
Student Response Student Responsej

-

Figure 1: The ESRU Model of Informal Formative Assessment [35]

III. METHODS

Research Team Positionality and Epistemologies

This study is influenced by the research team’s position
and epistemologies toward FA practices. We believe that
identification of clarified expectations or learning goals will
add value to the understanding of teachers’ FA practices
because it will enable the researcher to identify the extent to
which the teacher can guide informal FA conversations
towards delivering learning goals.

Context of the study

This study was undertaken within the context of a larger
project, Engineering for Us All (E4USA) funded by

National Science Foundation. The objective of the EAUSA
project is to develop an inclusive engineering design
curriculum and demystify the field of engineering for high
school students and teachers. The course uses a series of
collaborative projects to establish a strong foundation of
engineering design and professional skills for all students
regardless of their interest in engineering. For more
information on E4USA, visit https://e4usa.org/.

Data Collection and Analysis

Data was collected using a modified version of the
Informal Formative Assessment Conversations protocol
[35] within an all-girls classroom taught by a female teacher
originally teaching environmental science. Observations
from eight class sessions are included in this analysis.
Observations were collected by the researcher in-person
during the class sessions. A deductive coding analysis
approach was employed to code and analyze the informal
formative assessment conversations data [38]. Codes and
categories given in the Informal Formative Assessment
Conversation protocol [35] were used as priori. Slight
modifications to the protocol were made to capture if the
teacher explicitly clarified expectations (learning goals)
prior to starting the class session or during the
conversations. The collected data was read and verified for
correct mapping against the categories and codes provided
in the protocol.

IV. PRELIMINARY RESULTS

Informal Formative Assessment Conversations

Preliminary results demonstrate that informal
formative assessment conversations were used in seven of
eight class sessions observed. Multiple informal formative
assessment conversations were observed in 4 class sessions,
while the remaining three class sessions included only one
formative assessment conversation each (Table 1).

Table 1: Formative Assessment Conversations Observed

Class session No. of FA
Conversations

Observed
Session 1 3
Session 2 0
Session 3 )
Session 4 )
Session 5 )
Session 6 1
Session 7 1
Session 8 1
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All formative assessment conversations observed in the
class sessions followed the complete Elicit, Student
response, Recognition and Use (ESRU) cycles. The teacher
always asked a question situated in epistemic or conceptual
(or both) frameworks to elicit students’ knowledge about a
concept, recognize students’ responses (e.g., revoice,
rephrase, and elaborate), and use students’ responses to
explain, elaborate, and clarify concepts (the ultimate
learning goals). A sample of the teacher-student dialogue
identified as informal formative assessment conversation is
given in Figure 2.

It is worth mentioning here that the teacher who was
teaching this class was not made aware that the observer was
trying to identify the practice of formal or informal
formative assessment conversations in the class.

ELICITING

Teacher asks question situated in
epistemic/conceptual framework.

How has engineering impacted the way we listen
to music today?

) 4

STUDENT RESPONSE
(Students respond while teacher listens)

headphones, noise cancellation, more songs,
apple music etc., more songs than CDs

)\ 4

RECOGNITION

(Teacher repeats/revoice/elaborate/rephrase
acknowledge students' response)

"Yes, and CDs used get scratched and had fewer
songs.”

USE
(Uses responses to clarify/elaborate/explain
concepts)

Used students’ responses to explain evolution of
music technology because of engineering and
elaborate integration of engineering in daily life.

Figure 2: ESRU Cycle observed in a sample conversation.

Eliciting Strategies

Further analysis of the conversations showed that in
most assessment conversations, the teacher’s eliciting
strategy focused on questions and statements which were
epistemic in nature. Overall, questions and statements
related to epistemic dimension were used in 9 of 12
conversations observed during the 8 class sessions. Eliciting
questions related to the epistemic dimension were most
frequently about “checking students’ comprehension”.
Asking students to “compare/contrast observation data,
procedures, and/or ideas” was the second most frequently
asked question for eliciting students’ knowledge and
understanding within the epistemic dimension. Eliciting
questions asking students to “provide evidence &
examples,” relate evidence & explanations,” and “make
predictions or provide hypotheses” were least frequently
used eliciting questions related to the epistemic dimension
(Table 2).

The teacher less frequently (in only 3 of 12
conversations) used some eliciting questions and statements
in the conceptual domain. The most frequently used
conceptual domain question asked students to “apply,
relate, compare, and contrast concepts.” Students were
asked to “compare and contrast others’ ideas”, and
“provide potential or actual definitions” second and third
in terms of frequency (Table 2).

Table 2: Strategies Used for Eliciting

Eliciting Strategy Freq.

Epistemic Dimension

Check students’ comprehension 07
Compare/contrast observations data, procedures, ideas 02
Provide evidence & examples 01
Relate evidence & explanations 01
Make predictions/provide hypotheses 01
Conceptual Dimension

Apply, relate, compare, contrast concepts 03
Compare, contrast others’ ideas 02
Provide potential or actual definition 01

Recognizing Strategies

The most common strategy to recognize students’
responses to eliciting questions in both the epistemic and
conceptual dimensions was to repeat or rephrase students’
responses and revoice their words to acknowledge and
incorporate their contributions into the learning process.
Clarifying and elaborating concepts based on students’
responses and taking votes to acknowledge students’ ideas
were the second and third most frequently used recognition
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strategies. There was also one occurrence where the teacher
captured students’ responses and explanations and
displayed them for everyone to see (Table 3).

Table 3: Strategies Used for Recognizing

Recognizing Strategies Freq.
Repeats/paraphrases students” words 6
Revoices students’ words (incorporates students’
contributions into the class conversation, summarizes 6
what student said, acknowledge student contribution)
Clarifies/Elaborates based on students’ responses 4

Takes votes to acknowledge different students’ ideas

Captures/displays students’ responses/explanations 1

Use Strategies

All  formative assessment conversations were
characterized by all four components of the ESRU cycle and
after eliciting and recognizing students’ response. The
teacher used those responses as the desirable next step in
formative assessments, i.e., using gathered information to
provide feedback. The strategy was most frequently
characterized by providing helpful descriptive feedback,
promoting sense-making, and helping students to relate
evidence to explanations (Table 40). The teacher was also
observed helping students elaborate their thinking by using
follow-up (why and how) questions.

Table 4: Use Strategies

Use Strategy Freq.

Provides descriptive/helpful feedback 7
Promotes making sense 4
Helps relate evidence to explanations 4
Promotes students' thinking by asking them to 3
elaborate their responses (why, how?)

Makes connections to previous learning 1
Promotes debating and discussion among students' 1
ideas/conceptions

Helps students achieve consensus 1

V. DISCUSSION & FUTURE WORK

PRELIMINARY analysis of observations showed a
frequent use of formative assessment conversations with
complete ESRU cycles in class discussions. This emergent
finding is indicative of teachers’ informal formative
assessment practices in the classroom [10, 35]. The
frequency of completed ESRU cycles also indicates the
extent to which information gathered from students was
used in ways to help students’ learning. It is encouraging to
note (Tables 1 — 4) that the teacher not only used more

frequent informal formative assessment conversations, but
also used a variety of strategies (questions and statements)
in all components of the ESRU cycles. One interesting
aspect of the informal formative assessment conversations
used by this teacher was the use of these practices to
introduce new topics. For example, to teach students the
significance of “defining the problem” in the context of
engineering design process, the teacher started in informal
FA conversation with an eliciting question, “why according
to Einstein it is important to take more time to define the
problem than to solve it?”. Similarly, in another class
session, the teacher started the conversation by asking the
students (eliciting), “How do you listen to music today? .
The conversation followed the ESRU cycle to teach
students about how music has evolved over time because of
engineering and how engineering is everywhere in our daily
life. These assessment conversations seemed to spark
students’ interest in the topic and led them to participate in
the conversations to learn new information. Further
exploration of this unique aspect is warranted.

Research argues that the diversity and relevance of
eliciting, recognizing, and using strategies determines the
quality of the informal formative assessment practices [35].
Using a combination of different types of questions (e.g.,
checking students’ comprehension followed by asking them
to provide evidence and examples) to make predictions or
build a hypothesis about a phenomenon makes these
conversations more productive in terms of the quality of
students’ learning. Future research will aim to further our
understanding of teacher use of informal formative
assessment practices. These efforts will be paired with
observations of how or if teachers share the learning goals
or clarify lesson expectations at the start of class before
starting formative assessment conversations. This critical
first step in the formative assessment cycle was missing
from all observations made of this teacher warranting
further examination.

The researchers aim to build on this work in progress
to include teachers’ experiences at other schools associated
with E4USA project. Expanding the research to include
observations from more classrooms observed under the
umbrella of E4AUSA may also help researchers find more
insights into the experiences of teachers practicing informal
formative assessments in their classroom while teaching the
same curriculum. This research has implications for pre-
college engineering education. As pre-college engineering
education continues to grow, equipping teachers with
essential pedagogical tools such ESRU could help improve
students’ learning.
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