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ABSTRACT: A current emphasis on teaching conceptual chemistry via the particulate nature of matter has led to the need for
new, effective ways to assess students’ conceptual understanding of this view of chemistry. This article provides a simple,
inexpensive way to use interlocking toy building blocks (e.g., LEGOs) in both formative and summative assessments for this
purpose.
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■ BACKGROUND

With more of an emphasis being placed on conceptual learning
in chemistry, there has been a concerted effort over the past few
decades to move away from viewing chemistry as primarily a
calculator science. Research articles have appeared in this
Journal as far back as 1987 that highlight the issue with focusing
primarily on problem solving in chemistry and note that being
able to solve a mathematical problem is not equivalent to
understanding the nature of matter.1 Another article provided a
list of 13 research studies performed over the past 30 years that
state nearly the same thing.2 At the 12th BCCE in 1992, one of
the program highlights, as reported in a conference summary in
this Journal, dealt with how to use all three views of chemistry
in a lecture format.3 The prior year, Johnstone had published an
article in which he briefly mentioned his “triangle of levels of
thought” in chemistry: the macro, submicro, and symbolics.4

This simple diagram and the article in which it appeared are
most often referenced when discussing conceptual learning in
chemistry via the particulate nature of matter (PNM). In recent
years, several educational approaches to teaching various
chemistry topics via the use of interlocking building blocks,
to represent the particulate realm, have been proposed.5−9

Given this newer emphasis in chemistry, and with many
more chemistry teachers incorporating PNM into their
curriculum, it only follows that the issue of assessment needs
to be revisited, as it presents a new set of challenges for many
classroom teachers. Sirhan points out that research has found
more students are able to solve chemistry problems using
symbols and numbers than could solve those problems with a
particulate depiction.10 There is no question as to the necessity
of assessment both formative and summative. However, what
type of assessment is best for allowing students to demonstrate
their understanding of the PNM and the concepts that lie
behind them? Asking paired conceptual-calculation questions
has been suggested2,11 as has been having students write
explanations.11 However, time constraints on grading can pose
issues for the latter. Moreover, as Prilliman notes, most current
chemistry teachers have a limited supply of examples of
particulate representations.2 In addition, creating particulate
drawings that “faithfully represent chemical phenomena” is

difficult.12 This can hinder the use of PNM in any form of
multiple choice format, paired or not. There is not enough time
in many teachers’ schedules to modify existing PNM questions
or create PNM drawings for new questions. Even given the
time, many teachers have not been properly trained in how best
to evaluate PNM drawings by looking, for example, at whether
or not there is mixing of scale in the drawings.
Having asked students in the past to make their own PNM

drawings on assignments, it became apparent how difficult and
time-consuming they were to grade. There appears to be a lack
of other ideas on how to effectively assess student conceptual
understanding via PNM in a way that both allows the student
to demonstrate what they know and yet does not put too much
of a burden on the grader with respect to adding time to the
grading process. Any new idea must address the current needs
of summative assessment and yet be flexible enough to allow
for its use in formative assessment during class or laboratory
activities. It should be easy enough to adapt to new topics as
well as different specific chemical and physical reactions.
During the 2014−2015 and 2015−2016 school years,

interlocking toy building blocks were used to address these
demands. Flat baseplates of various sizes together with 1 × 1
flat, round plates (sometimes called studs) were used in a new
form of assessment with tests, quizzes, homework, and
laboratory activities in a general high school chemistry class.
This tool was used in conjunction with traditional tests and
laboratory write-ups. Students had been introduced to PNM at
the beginning of the school year with Target Inquiry activities
(such as “What’s The Matter”),13,14 so they were familiar with
this representation before they began this new method of
assessment.

■ OVERVIEW OF ACTIVITY ONE (FORMATIVE
ASSESSMENT)

In one example, the class was studying physical and chemical
changes with a single-replacement reaction between aluminum
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and copper(II) chloride. After a laboratory activity, the students
were asked to predict the products (prior to any form of
instruction on this material). To facilitate a postlab, ungraded
assessment, each lab group was provided with two baggies each
containing two interlocking toy building block 6 × 8 plates and
several 1 × 1 round plates of three various colors (see Figure
1). One baggie was for the reactants, and the other was for the
products. The students had established in a prior discussion
which color represented each of the three elements in the
chemical reaction. They were to create an example of several
“particles” for each reactant on one set of 6 × 8 plates and then
do the same for the products on the second set of plates. After
this, they were to place their “answers” back into the two
appropriate baggies and turn them in for grading. Assessment
of the level of understanding was quick and easy by looking
over each plate (see Figure 2). The level of success was much

higher using this method of assessment than had been

experienced in prior years. A combination of the macroscopic,

symbolic, and particulate representations at the same time

allowed the students to quickly eliminate incorrect answers

more easily (by rearranging the interlocking toy building blocks

and evaluating the result immediately against lab observations)

than when the students were left to think and respond in the

macroscopic and symbolic realms only.

■ OVERVIEW OF ACTIVITY TWO (SUMMATIVE
ASSESSMENT)

In another example, while they reviewed states of matter using
a Sophia tutorial,15 the students were to generate an example of
ten “particles” for each of two elements. After they watched a
video showing the solid version of the element in the
macroscopic realm, on one 6 × 12 plate, they were to create
a particulate model for the solid phase and take a picture with a
smartphone. Then a video of the element in the liquid phase
(macroscopic realm) was viewed, and students modified the
previous model to reflect this new phase of matter and took a
picture when finished. After this they were to again modify their
particulate model to represent the element in its gaseous phase.
Again they were to take a picture of this model. A collage photo
was then created on the smartphone (see Figure 3) and
submitted electronically through the school’s learning manage-
ment system for grading. In doing this, it was possible to
quickly determine how much time (if any) was needed to
devote to the phases of matter early on in the chemistry class.
Moreover, since smartphones are ubiquitous, the students are
happy to use them and able to quickly create very elaborate
collages with labels directly on the picture. In addition, by
having all assignments submitted electronically, there is not
anything that the teacher needs to physically collect to grade.
All grading can be done electronically and, depending on what
system is used to collect the pictures, comments can be
provided and returned to the students with their grade.

■ CONCLUSIONS
This form of assessment is easy to use for a quick formative
assessment or a summative assessment. It can be used
separately or with other assessment techniques and does not
take a very long time to grade. Student work can either be
collected or photographed with smartphones and submitted
electronically. In some cases, feedback can be given in class
while students work on an ungraded assessment, and the work
does not need to be collected. It is rather inexpensive in the
long-run in that, once purchased, the interlocking toy building
blocks can be reused each year and adapted to many topics.
Some of the advantages over having students create their

own particulate drawings on paper or white boards is that the
use of interlocking building blocks provides options for
students to make a limited number of mistakes and learn
from them rather than an unlimited number of mistakes that
can be made using student created drawings. Moreover, the

Figure 1. Interlocking toy building block kits supplied to student groups for assessment (left) and contents of each bag (right).

Figure 2. Student response showing particulate level aluminum (left)
and copper(II) chloride (right) reactants.
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tactile nature of the blocks is more interactive and engages
kinesthetic learners in a way that drawing cannot. Most
students have played with LEGOs at some point in their
childhood and are familiar with how to use them.
While this form of assessment cannot be used for all topics in

chemistry, the teacher can quickly adapt this tool for topics
ranging from states of matter, conservation of matter, and the
gas laws to testing for physical or chemical change and types of
chemical reactions, predicting products, and balancing equa-
tions.
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