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Abstract

Students bring prior knowledge and experiences to the class-
room. According to the constructivist learning theory, stu-
dents incorporate new knowledge into their existing knowl-
edge frameworks. We used Classroom Assessment Tech-
niques in an information technology course to elicit the con-
struction of knowledge process. We found that CATs and
instructor feedback can help shape and reveal this construc-
tion process. Some students claimed that the CATs helped
put new ideas into their own words and helped them sim-
plify the concepts.

1 Introduction

Students do not enter a course with a blank slate; rather, they
come to the classroom with many experiences and ideas [2].
The learning theory of constructivism supports the view that
human learning is constructed as students build new knowl-
edge on previous experiences and prior knowledge [8, 3, 7].
This prior knowledge influences how the learner understands
new concepts. In this model, learning is an active process
controlled by the learner as she incorporates new knowledge
with her previously gained knowledge. It is important for
instructors to elicit students’ prior knowledge and monitor
inconsistencies that may arise as learners try to incorporate
new knowledge within their current framework of under-
standing. Students and instructors need learning experiences
to help guide and monitor knowledge construction.

Classroom Assessment Techniques (CATS) allow instructors
to assess students’ understanding of concepts [1]. CATs
are usually designed for two purposes: 1. to help instruc-
tors detect if students are understanding what is taught in a
course, 2. to help instructors get feedback about their teach-

ing. By using CATs frequently, instructors can monitor stu-
dents” learning through active learning experiences. Exam-
ple techniques include Muddiest Point, One Sentence Sum-
mary, Extended Analogy and Concept Mapping. These ac-
tivities serve as formative, ungraded assessment tools, giving
the instructor an indication of students’ levels of understand-
ing. CATs are distinguished from short quizzes since stu-
dents usually complete the activities anonymously, encour-
aging students to be honest about their understanding of the
material.  In our work, we not only used CATSs to detect
students’ misunderstandings, but also to elicit how the con-
struction of knowledge process occurs.

When using assessment techniques, it is crucial for the in-
structor to give feedback to the students [2]. Learners build
theories based on evidence. Sometimes this evidence is in-
complete or biased, but learners will go to great lengths to
build frameworks to support theories [5]. If students are
building incorrect theories, it is important to modify stu-
dents’ ideas as early as possible. The feedback and the activ-
ities themselves can create experiences for students to cor-
rectly connect new knowledge to their prior knowledge.

We used Classroom Assessment Techniques in a fluency in
information technology course to provide a mechanism for
the instructor to monitor the learning process. Students bring
prior knowledge and experiences with HTML, computers,
computing, databases, and the Internet to the classroom.
Our research investigated how Classroom Assessment Tech-
niques can be used to elicit the construction of knowledge
process, how instructors respond to shape the construction,
and how students perceive CATSs as helping this process. We
show that CATs can be designed to shape the knowledge
construction process in addition to assessing students’ under-
standing. We outline the methods used in a two-term study,
report the results of the CATs used to elicit the construction
process, and give implications for teaching and research.

2 Methods

Our work centered on one main research question: How can
classroom assessment techniques elicit students’ construc-
tion of knowledge? We were interested in using techniques



to help mold this construction process. Also, how can feed-
back provided in response to the assessment techniques help
shape the construction process?

2.1 The Classroom

We conducted studies in two academic quarters in an infor-
mation technology fluency course at a large university. Stu-
dents attended three 50-minute lectures and a two-hour lab-
oratory each week. We conducted our study of classroom
assessment in the lecture portion of the course. Total enroll-
ment in each course started at 150 students, but dropped to
approximately 120 students by the end of each quarter.

The course included an introduction to computer basics, in-
formation storage, HTML and web design, basic network-
ing, programming in Visual Basic and database applications.
The course is intended to expose students to several com-
puting topics in order for them to become fluent in infor-
mation technology. The course is not a requirement in the
Computer Science or Computer Engineering majors at this
university. Thus, students from many academic disciplines
were enrolled in the course. The instructor for the first quar-
ter of the study was a lecturer from the Computer Science
and Engineering Department while the lecturer for the sec-
ond quarter was from the Information School.

2.2 Materials

We developed CATs specifically addressing content covered
in the course, designed to help mold the construction of
knowledge and elicit students’ prior knowledge of the con-
cepts listed in Table 1.

2.3 Procedures

We met with the instructors to provide background infor-
mation about the purpose of Classroom Assessment Tech-
niques. During the first quarter of the study, we created the
CATs with the instructor’s input and approval. Since an-
swers were anonymous, students in attendance could make a
choice about turning in their responses. After students com-
pleted the activity (usually taking 5 - 10 minutes during lec-
ture time), we categorized the answers for the instructor. The
instructor could then use the results to provide feedback to
the students. During the second quarter of the study, we de-
veloped the CATs with the instructor’s input and approval,
but let her categorize the responses herself. We changed our
protocol since this approach is sustainable in the long term,
without our intervention during the feedback loop.

In addition to the CAT responses, we collected qualitative
data from the instructors and students and analyzed the data
according to our research questions [4]. We interviewed (60
- 90 minutes) the instructors to get their perspective on using
the CATs and surveyed the students with the following open-
ended questions: 1. Which of these activities were most

helpful to your learning, and how?, 2. Do you think your
responses to these assignments have affected the instructor’s
teaching?, and 3. Do you have any other comments about
these activities?

3 Results

In order to find out how the CATs can help elicit the con-
struction of knowledge process, we look at the responses
submitted anonymously by the students. We also describe
how the instructors responded and how they felt they re-
sponded as supported by observation notes and interview
notes. We use the student survey responses to glean themes
about how CATs helped students in constructing knowledge.
We performed detailed analysis for this study; this process
is not necessary for instructors when looking through the re-
sponses. The instructor during the second study spent about
15 minutes looking through the responses for each CAT.

3.1 Construction of Knowledge Through CATs

Digital Representation We performed content analysis on
the Digital Representation CAT with a single idea as the unit
of analysis [9]. Since the unit of analysis was a single idea,
one student could have many ideas about digital representa-
tion. The categories and number of students with responses
fitting the categories are listed in Table 2.

Many students had correct interpretations of digital repre-
sentation as seen in Table 2. It is interesting that many stu-
dents constructed new knowledge of digital representation
based on their prior knowledge of language and communica-
tion. Several students described digital representation as the
language a computer understands or the way the computer
communicates. This idea about communication was not dis-
cussed during the lecture. One assertion is that students bring
prior knowledge about how the computer exhibits human-
like characteristics in understanding languages. One student
wrote about digital representation: “It’s the way we as peo-
ple talk to computers.” Another student wrote: “computers
don’t understand English, but they do understand numbers.”

We can also get a glimpse of how students construct knowl-
edge, by tying new knowledge to several different ideas.
Several responses spanned more than one category, show-
ing that the students have a more broad understanding of the
concept. In the two studies, 13 and 46 students respectively
gave responses spanning three or more categories.

Variables We used two different CATSs to elicit the con-
struction of knowledge process about variables. In the first
study, students wrote one to two sentences to describe a
variable in computer programming. We performed content
analysis on the responses to the CAT in a similar manner
as for the Digital Representation CAT. In the second study,
students wrote down all the words and phrases they associ-
ated with variables in computer programming. We coded the



Table 1: This table lists the content, type and activity for the CATs used in the study. The Question/Activity lists what
was presented to the students (either orally or in written form) and the Study Quarter lists the quarter in which the

assessment technique was used.

(Application Card)

Content Question/Activity Study
(CAT Type) Quarter
Digital Representation Pretend you have a 10-year-old sister. She asks you what you learned | 1 and 2
(Directed Paraphrase) in school today. Explain to her the concept of digital representation.

Variables Describe a variable in computer programming in a sentence or two. 1

(One Sentence Summary)

Variables List all words and phrases that you associate with a variable in computer | 2
(Focused Listing) programming.

Iteration Think about where you see iteration in the world, in a gadget, orina | 2

software product. Choose one scenario where you see iteration hap-
pening. Describe the scenario and describe the event(s) that repeats.
Suppose you are writing code in VB for this scenario. Would you use a
For-Next loop or a Do-While loop for your scenario? Why?

Database Schemas
(Extended Analogy)

You just learned about schemas and databases. Try to come up witha | 2
new analogy that fits the following sentence: A schema is to a database
asa_isto . Explain why your relationship holds.

Table 2: Content Analysis for the Directed Paraphrase
CAT on the topic of “digital representation”. The first
study (1) had 94 student responses and the second study
(2) had 103 responses. The number reflects the percent-
age of students with responses in the category. Some re-
sponses spanned more than one category.

Category Description Percent
1] 2
Symbols, encoding, representation 52.1 | 62.1
Numeric representation 415 | 66.0
Presence & absence, on/off pattern, binary | 45.7 | 38.8
Language, communication 29.8 | 34.0
Bits and bytes 85| 6.8
Invented analogy/example 6.4 | 10.7
Analogy/example from lecture 00 | 11.7
Other, off topic, incorrect examples 85| 538

responses to the second study’s CAT according to the cate-
gories that emerged during the analysis of the Variable CAT
from the first study. Students completed the CAT at the end
of one lecture about variables. Table 3 shows the categories
and number of responses for each category.

We can see themes of how students construct the knowledge
of variable in computer programming based on the word
“variable” in English and variables they have seen in math-
ematics. Twenty-four students in the first study and 10 stu-
dents in the second study had indications that a variable can
hold many values simultaneously or that the value varies. It
appears that some students are trying to create a model of
a variable in computer programming based on their exist-
ing models of variables in other domains. The number of

“Other” category responses for the CAT in the second study
results from the fact that students listed many ideas associ-
ated with variables: conditionals, code, case sensitive, ob-
jects, properties, assignment, application, simplify, function,
event, expression, text box, commands, syntax, input/output,
program. It is important for computer science instructors to
create correct models of new concepts for their students. The
responses to the Variable CAT show that some students are
creating incorrect models of variables in computer science.

Table 3: Content Analysis for the CATs on the topic of
“variable”. 104 responses were submitted in the first
study (1) and 88 were submitted in the second (2). Some
responses spanned more than one category.

Category Description Percent

1] 2
Type, name, value, placeholder for a value | 40.4 | 40.9

Correct response about updating or chang- | 25.0 | 27.2
ing values

Memory, storing a value 346 | 9.1

Incorrect response about varying or con- | 23.1 | 11.4
taining many values simultaneously

Symbol, representation of another thing 14.4 | 125

Mathematical concept 48 | 45
Other, off topic 19.2 | 48.9
No response 19| 9.1

Iteration We designed a CAT about iteration to help mold
students’ models of iteration by connecting iteration to their
daily lives. Because the answers varied widely, we do not list
all the categories of responses here. We did categorize the




responses into correct, partially correct (type of loop chosen
was inconsistent with scenario provided), and incorrect. Out
of 55 submitted responses, 32 students had correct answers,
13 students had partially correct answers, and 10 students
had incorrect answers. At least half the students created a
correct connection between the abstract concept of iteration
and a concrete scenario in the world. It is interesting to report
the different domains students used for this activity. Over 35
different domains were used and some are listed below:

—Technology (televisions, clocks, stop lights, video games,
spell checking on a computer, cell phones, cameras, graph-
ing calculators, elevator, escalator, CD players, gears in a
car, assembly line)

—Daily Life (toys, pet feeding schedule, daily schedule,
kitchen timer, hammering a nail, bus routes, roll call, pre-
heating oven, human dishwasher, reading email)

—Science (polymerase chain reaction, pistons in an engine)

Some responses were incorrect, confusing the word “while”
in English with “do-while” semantics in Visual Basic. The
student states that walking to class is a form of iteration —
right foot, left foot, right foot, etc. The loop chosen is a do-
while, but the explanation is “you are certainly doing some-
thing else while walking”.  The student is referring to ac-
tions that are happening simultaneously, not the fact that the
actions happen until a certain condition is met.

Schemas and Databases We designed a CAT to help mold
the construction of knowledge through analogy. Out of 49
submitted responses, 33 students had correct analogies, 7
had partially correct analogies, 6 had incorrect analogies and
3 did not respond. Class attendance was about 75 students
this day, contributing to the lower number of submitted re-
sponses. Since the responses were anonymous, some stu-
dents chose not to submit their answers. Again, like we saw
in the Iteration CAT, students used many domains for their
analogies. Here are the most popular analogies created for
“A schema is to a database asa _isto .”

—DNA is to humans

—A recipe is to a cake/cookie/meal
—An outline is to an essay

—A map is to a journey

Here is an example explanation by one student for the map
and journey analogy: “A schema is the design or map to the
database. A map is the design of a road trip; therefore, a map
to a road trip is an analogous relationship to a schema and a
database.” This CAT helped form connections for students
about databases and schemas.

3.2 Feedback to Help Mold Construction of Knowledge

When using Classroom Assessment Techniques, it is impor-
tant to provide feedback to help students assess their current
level of understanding. This feedback can also help shape or
re-shape the structure of knowledge. For one professor, he

commented that the CATs helped him understand students’
motivation: “They’re taking their role as a student seriously.
They are trying to do something, even though it may not be
working for them. It’s not that they’re simply trying to get
through the class with the least effort.” For this instructor,
knowing that the students were really trying encouraged him
to respond to the CATs by re-explaining concepts. After the
Variable CAT, he slowed the lecture pace and took more time
to explain the basics of programming by showing more ex-
amples with Visual Basic. Some students noticed this feed-
back from the instructor. One student commented on the sur-
vey that the professor “changed the teaching because in the
next class he went back to variables and explained it again.”

The other instructor found an opportunity to give feedback
about the Digital Representation CAT. She states about us-
ing CATSs: “I sort of get confirmation. As to finding out how
they’re misinterpreting it. Usually the next class, | try to
make it clear again. Like with the digital rep, the next day
or the next class | really had to emphasize that it’s not just
using numbers.” She took the opportunity to help re-shape
students’ understanding of digital representation. After each
CAT was used in the course, she would spend a few min-
utes the next class period talking about the responses. She
helped craft the construction of knowledge by sharing the re-
ally good responses, to give examples for students who still
had confusion about the topic.

Some of the students also felt that the CATs helped the in-
structor see how information was being molded by the stu-
dents. One student stated, “He is allowed to see how well
the students understand what is going on and if they are con-
fused he can take a step back and work on the subject more.”
Another states, “[They] help the professor know the level
that we’re at (how well we observe the information given).”

3.3 Students’ Perceptions of Molding Knowledge

Students’ perceptions of how the activities help them un-
derstand the material support the idea that CATs can help
elicit the process of knowledge construction. Some students
felt frustrated with the activities, giving comments such as
“If you’re already lost, they don’t help”, but most students
saw at least one CAT used in the course as beneficial to their
learning as shown in Table 4. The CATSs helped students by
promoting metacognitive thinking, encouraging them think
about what they do and do not know and helping them clar-
ify concepts in their minds [6]. In total, 48.2% of students
in the first study thought CATs were helpful in promoting
metacognitive thinking. Here we focus on students’ re-
sponses from the second study that involve the construction
of knowledge.

Two themes emerged from our analysis of the student sur-
vey responses supporting the claim that CATs help students
construct knowledge. The first theme is that students per-
ceive a benefit in applying concepts to real life. This makes



Table 4: Percentage of students (First Study, N=83; Sec-
ond Study, N=76) who thought a CAT was helpful to their
learning. Students who said other CATs (not detailed in
this paper) were helpful to their learning are not included
in this table and account for the incomplete total.

CAT Content Percent of Responses
First Study | Second Study
Digital Representation 39.7 25.0
Variable 18.1 3.9
Iteration — 31.6
Database Schema — 9.2
All CAT Activities 2.4 7.9
None 15.7 11.8

the concept more understandable. The CATs used in the first
study did not have students apply concepts to real life, so
we did not have any responses to support this theme in the
first study. However, in the second study 11 students out
of 76 who submitted responses felt that it was beneficial to
apply concepts to everyday things, with comments such as
“The iteration in daily life and the analogy for the relation-
ship between a schema and a database were helpful because
they could be ‘related’ to something we do or see everyday.”
This gives some evidence that students do build knowledge
on top of what they already know by relating new knowledge
with prior experiences.

The second theme that emerged is that students felt like the
CATs helped them break concepts into simpler pieces, help-
ing them sort out the concepts in their own minds. Fifteen of
83 students in the first study and 12 of 76 students in the sec-
ond study wrote responses related to this theme. This gives
some evidence that students build knowledge by sometimes
breaking new knowledge into simpler pieces before building
theories. One response supporting this theme is “I had to
break down a complicated subject into concepts that anyone
could understand, | benefited from this.” In total, 24 percent
of the students surveyed (38 of 159) thought that the CATs
were helpful in constructing knowledge, either by applying
concepts to daily life or by simplifying ideas.

4 Discussion and Implications

Classroom Assessment Techniques can be designed to help
the instructor elicit students’ understanding of concepts and
help shape the construction of knowledge. Since students
bring prior knowledge to the classroom, it is important for
educators to understand how students are making connec-
tions between new concepts and existing knowledge. This
is especially crucial in the field of computer science since
many students come into the classroom with computer expe-
rience. They have already started generating theories about
how computers, the Internet, and databases work.

We have shown that the assessment techniques can give in-
structors a glimpse of how students construct knowledge.

Some of the assessment techniques were also designed to
help students make connections as they learned abstract con-
cepts. Feedback is critical in order to re-shape incorrect con-
structions of students’ knowledge. Classroom Assessment
Techniques provide a channel for students and instructors to
uncover how students create meaning for concepts. CATs
may be a way to uncover some of the theories that students
create to incorporate new knowledge with their prior expe-
riences. Hopefully, uncovering these theories will lead to
better learning.
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