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What Is Performance Testing?

Performance testing is usually associated with some physical

criteria—the speed and efficiency of a racing car, the skill and

agility of a downhill racer. Consequently.it may seem somewhat

counter-intuitive to speak of it in relation to problem solving,

especially when speed is not considered to be a factor. The term

is used in this program to highlight the fact that the problems are

set in a practical context and that they require physical, as well

as intellectual, activity. It is also used to indicate the focus of

evaluation. In contrast to the majority of written tests, the criteria

for success on performance tests are concerned less with the

solution to the problem than with the strategies in achieving that

solution. The premise of these tests is that students' actions in

solving problems reveal much about their understanding of the

subject and their ability to reason well. Primarily, it is intellectual,

not physical, performance that we are measuring in these tests.

Why Performance Testing?

Performance testing has important implications

for both students and their teachers.

It is important for students because it

demonstrates what we value in education. Re-

search confirms what teachers have known for

a long time—that students learn best what they

are tested on. It follows, then, that if we rely

solely upon simple tests of discrete skills and

information, we should not be surprised to find

our students performing poorly when asked to

go beyond the facts, to think for themselves.

However, if we value the generation of ideas,

the application of principles, the active involve-

ment of our students, we should be testing for

these qualities. A short answer test that

demands only the recitation of known facts

sends a strong message to the contrary. Perfor-

mance testing, on the other hand, gives a mes-

sage to students about the kind of active

problem solving that we expect as an outcome

of schooling.

This type of testing is important for teachers in

terms of their own teaching and in terms of the

validity of their evaluations.

Increasingly, we are beginning to recognize that

students carry to school a full and complex set

of notions about the world. Ideally, school

learning interacts with prior knowledge to forge

new and more complete understandings. How-
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ever, this is often not the case in practice. For many
children, school learning becomes firmly bound to its class-

room context. Seldom do they see the connection be-

tween what they learn in science and mathematics and the

practical problems that make up their everyday world. In

short, they do not transfer their learning.

Performance testing allows teachers to judge how well

students have made these connections and to what extent

they can transfer what they learn in school to the world

about them.

Performance testing can also be used to increase the

validity of teachers' evaluations of student achievement

Grades that depend upon onlyone type of information are

apt to give a distorted picture of what students know. A
valid assessment has to incorporate information gathered

from different sources, showing different kinds of know-

ing. That students know the rules is not sufficient

evidence to make valid judgements about their under-

standing. Students should be also judged on their ability

to solve problems that call upon them to integrate and

apply their knowledge and skills.

How Performance Testing Fits in the

Massachusetts Educational

Assessment Program

Chapter 188 of the Act of 1985 established the Mas-

sachusetts Educational Assessment Program in order to

compare the effectiveness of public schools and to give

guidance for the improvement of curriculum and instruc-

tion. Because of this dual intent, the program has

developed three major components which satisfy different

audiences.

The Multiple-Choice Assessment: For the public at large,

the most prominent part of the assessment program is the

multiple-choice component, which is administered in al-

ternate years to all fourth, eighth and twelfth grade stu-

dents throughout the Commonwealth. Covering the

areas of reading, mathematics, science and social studies,

over 3500 items are used to measure a wide range of

content and types of thinking appropriate to these sub-

jects. Since the purpose of the test is to report on school

rather than on individual achievement, each student takes

only a portion of the complete test. Results are reported

to each school and district throughout the Commonwealth

and are a matter of public record. Using this information,

schools and districts can review the overall effectiveness

of their program and its effectiveness for specific groups

of students.

The Open-Ended Assessment: A second com-

ponent of the assessment consists of the ad-

ministration of open-ended questions in

reading, mathematics, science and social

studies. These questions were administered to

a sample of students as part of the multiple-

choice assessment; however, they are seen as a

separate entity. They do not form part of the

school reports and are analyzed separately by

groups of subject area experts. As a result, the

questions in the open-ended assessment focus

on students' beliefs and understanding, as well

as their ability to apply knowledge in less tradi-

tional contexts. They demand the kinds of

thinking that cannot be captured by an item that

asks only for the identification of a correct op-

tion. The results of the 1988 open-ended as-

sessment have been published in a series of

reports entitled On Their Own. These reports

contain, not only analyses of the results and

their instructional implications, but the ques-

tions themselves. Classroom teachers are en-

couraged to administer them to their students

and to make normative comparisons if they so

desire.

The Performance Assessment: In 1989, the

Department expanded further the dimensions

of the testing program by a third component to

the program. Loosely called "performance

testing," it involves the application of mathe-

matical and scientific concepts to the solutions

of problems. These tests, administered in alter-

nate vears to the written assessment, ask fourth

and eighth grade students to apply what they

know about mathematics and science to solve

problems. Since they are designed to measure

how well students are able to integrate their

knowledge, each test calls for a number of dif-

ferent concepts, as well as skills in measuring,

calculating, observation, etc.

The results of these tests are reported in a series

of brochures entitled Beyond Paper and Pencil.

In each brochure, the tests themselves are pub-

lished, along with analyses, instructional im-

plications, and suggestions for extension to

classroom instruction and evaluation.

The three testing formats—multiple-choice,

open-ended and performance—are designed to

provide a rounded picture of what students

know, how they apply that knowledge, and how
they assimilate knowledge to carry out multi-



dimensional tasks. While the results of the multiple-

choice are used to calculate the schools scores which are

used for comparison purposes, the results of the open-

ended and performance tests are reported in order to

improve curriculum and instruction. They are intended to

* be used by principals, teachers, and curriculum coor-

dinators who are primarily interested in the achievement

of individual students. Not only are they intended to

broaden teachers' understanding of students' conception

and difficulties, but they are presented as models for more

valid evaluation of individual students.

The Rationale and Development of

the Performance Tests

The prime concern in the choice of performance tasks was

their relevance to the mathematics and science cur-

riculum. Within these areas, there is general consensus

that students should be able to "act like scientists" or "act

like mathematicians." On the other hand, in real life,

scientific and mathematical skills have little value in them-

selves; they are tools to be used in the context of a task.

Measuring, weighing, calculating and hypothesizing are

only of interest because of their value in solving problems

or coming to a solution. For this reason, we looked for

tasks that measured both procedures and understanding.

Each task was presented within the context ofsome basic

area of science or mathematics and was designed to

measure students' understanding of the concepts in-

volved, as well as their ability to use the appropriate skills.

A second concern was to develop tasks that reflected the

social aspect of learning. Whereas most written tests are

essentially solitary endeavors, real problems are usually

solved cooperatively with a give-and-take of ideas. Not

only are such tasks more reflective of the kinds of

problems that are posed in everyday life but they are more

amenable to observation. When students communicate

with each other, defending or explaining their thoughts,

inferences about their ideas are more apt to be valid than

when one only infers from a solution or single response.

A third concern was to establish reliability among the

various administrators. One way of establishing reliability

is to turn performance testing into a behavioral form of

multiple-choice—that is, to limit the administrators'

recordings to a narrow set of observable behavior (e.g.,

"measured temperature accurately"). Another way is to

include as much behavior and dialogue as possible, relying

upon content analysis to establish uniform trends among

the testing situations. We chose to combine both ap-

proaches, asking the administrator 1) to record students'

competencies and methods in dealing with the

task which has been set, and 2) to record their

own observations of students' conversations

and strategies as completely as possible. In ad-

dition, administrators were asked to discuss the

task with the students upon completion if

clarification was needed.

As a result of these considerations the tests

were developed and piloted during the autumn
and winter of 1988. At the same time, video

tapes were made as a record of the tests and for

training purposes. Detailed scoring scripts

were also developed at this time.

During the month of November 1988, a

brochure was mailed to all schools and members

of science and mathematics organizations

describing plans for performance testing and

asking for volunteer administrators. Ap-
proximately 135 teachers and curriculum coor-

dinators responded. From that group, 65 were

chosen to be trained. Training was conducted

during a two-day residential conference during

which administrators worked with the tests,

watched video tapes ofstudents completing the

tasks and practiced scoring from the tapes. In

addition, some changes were made in the scor-

ing guides and scripts according to suggestions

from the administrators. Administrators then

returned to their schools and practiced giving

the tests to their own students. Their scripts

were corrected by Department staff in order to

ensure standardized responses.

Administration

In January 1989, 150 fourth and 75 eighth grade

schools were chosen to participate in the testing

program. The schools were selected according

to a stratified random sampling procedure

which accounted for geographical diversity as

well as relative performance on the science por-

tion of the multiple-choice assessment.

The testing took place in two phases. The first

phase, the administration of a short (30-minute)

multiple-choice mathematics and science test,

was conducted during the week of February 6.

This written test measured many of the con-

cepts found in the performance tests and served

as the basis for selection of a sample ofstudents,

representing all levels of ability as measured by



^x;:*x«::-y<^:;>5:::v:V>>>::x^
^v;-x::?;:: :

:
:
:
:
:

::

:
:: >: :

;
:

'

:
:
:
:
:
:
:
:
:
:
:<::x':

:
:

:i;
*&£&:

w.y •;•*•:-:••:••-:•;•"•;-:•>;•:•:!>»:;•!:!:»:•.:'.;-:•:•:•'.:;•;;-:»::•:•;•:v^^..^^•.^^^^^v.vA<v.^v.^^v.•.v...•.•.•.v..^^/..'...•.vA••••.v..'.•.•.•A•.A\<.'

.v.-.'.'>.'.
,.'.v\\\w.v.v.*.v.v.v\,Xw.v,v.v. ,.v.i

.«lSN-.\\ -.-.\\v*. •.-.-.-•.•. -.-.v -.•.•.•• .' . •:•.•.•.•..-.•.•.•..•.•.•.•.•.•.•..•. v. •.•..•.•.•.•..•.•.•.•.•..•.•.•.•...•..•.v.;.n;.-.'

.•x.x-:<.:v.-x-x-:-

•:•:•:•:•:•:•:•:•:•::-

:•;;.>>:

««WwiKiii*i>:i<.>xiii%i;:

;•:•:•:•>:<:<-:•:< ;->X"

Circuits (Fourth and Eighth Grades)

Description of the Task: (1) Given a battery, wires, and light bulb, students were asked

to light a bulb. (2) They were asked to light a bulb using a circuit board and to describe

the flow of electricity. (3) They were presented with four identical boxes and asked to

use a set of materials to identify which contained a battery, a wire, a toothpick and a

resistor.

Concepts/Skills Evaluated:

• electrical circuitry

. use of apparatus

. formulation of hypotheses

. accurate observation of phenomena

. analysis and interpretation of data

. drawing conclusions

• methodical and efficient working

Insulation (Eighth Grade)

Description of the Task: Students were asked to evaluate the insulating capacity of

three hot drink cups and to come to a decision based on their findings. They were

provided with the materials necessary to carry out and record such an investigation.

Concepts/Skills Evaluated:

• analysis of the experimental situation

• identification and control of variables

• selection of appropriate procedures and apparatus

. performance of specific techniques to ensure control

. accurate observation of objects and phenomena

• skills: reading instruments, recording

• analysis and interpretation of data

HM:

mm
fern

Popcorn Estimation (Fourth and Eighth Grades)

Description of the Task: Students were told to use whatever they wanted from a set of

materials to estimate the number of kernels in a container. The administrator observed

and recorded their strategy. When they had reached a solution, they were asked to

describe an alternate method and, if appropriate, to carry it out.

Concepts/Skills Evaluated:

. identification of problem

. appropriate procedures

. correct use of apparatus (balance)

. proportional reasoning

. computation

. understanding of large numbers

. accuracy/precision judgments
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Cubes (Fourth and Eighth Grades)

Description of the Task: Students were asked to: (1) construct and record the set of

rectangular solids that could be made with 16 cubes; (2) use a small number of cubes to

find the total number of cubes that would fill a container; and (3) calculate the number

of cubes needed to complete each of three incomplete rectangular solids of increasing

complexity.

Concepts/Skills Evaluated:

• concept of volume

. factorial relationships

• spatial visualization

• computational skills

• strategies
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Animal/Leafkey (Fourth and Eighth Grades)

Description of the Task: (1) Students were shown cards and asked to identify which

illustrated an animal and to classify the remainder. (2) They were asked to sort a set of

clown faces and to describe their categorizations. (3) They were asked to sort a set of

leaves and to describe their classifications.

Concepts/Skills Evaluated:

• categories of living things: concept of animal

. categorization according to attributes

• general schemata vs. arbitrary classification

• verbal ability

Playground (Fourth Grade)/Math Town (Eighth Grade)

Description of the Task: Given maps of the various areas, students were asked to place

objects according to a set of constraints. They were then given a series of tasks that

involved measurement of area and perimeter.

Concepts/Skills Evaluated:

• organizational ability

• dealing with logical and practical constraints

. mathematical concepts: area, perimeter, locus, scale

• skills: measuring, computation, use of instruments
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the test, as well as forming a useful basis for comparison

with the performance testing.

In March each school received a list of selected students,

as well as information regarding the test administration.

Suggestions regarding how and when to inform the

selected students and other issues were dealt with in a

memorandum accompanying the list of chosen students.

Schools were also given a sample letter which explained

the testing and could be sent to parents if desired.

Performance testing took place between March 20 and

April 14, 1989. Each elementary school was visited once

by a test administrator; each eighth grade school was

visited on two occasions. On the day of the testing, the

administrator proceeded through the list of selected stu-

dents who, in turn, were asked to choose a partner to join

her in completing the task. A single problem was ad-

ministered to each pair of student. Since the tasks varied

in length and the students themselves varied in the amount

of time taken for solution, testers were told to expect

between 6 and 10 pairs ofstudents within a single day. This

proved to be an accurate estimate.

Sixty-three administrators visited between two and five

different schools over a 5-day period. As a result of the

testing, approximately 2000 selected students and their

partners completed one of the performance tasks. Their

behavior was carefully observed and recorded, then

analyzed by the Department of Education.

Test Results

The seven tasks ranged in structure from extremely struc-

tured to completely open-ended. Four dealt primarily

with mathematics concepts and processes; three with

science. Insulation was given at the eighth grade level

only; while Math Town and Playground were parallel

tasks, given at the eighth and fourth grades, respectively.

A short description of each task with its focus is given on

the centerfold. More complete descriptions—including

results, examples and extensions for classroom instruc-

tion/evaluation—are contained in separate brochures.

The summary below discusses only the major findings.

Popcorn Estimation, the most open-ended of all the tasks,

was clearly unfamiliar to many students and proved ex-

tremely difficult for both fourth and eighth gradestudents.

The task evoked a number of possible strategies—from

the rather straight-forward but relatively inefficient

method of counting the number of kernels in a small

container and then using that container to measure all the

kernels to the more sophisticated method of determining

equivalencies between different measures (e.g.,

grams or milliliters).

In addition to a lack of familiarity with using the

apparatus (31 percent of fourth graders and 39

percent of eighth graders were observed to add

weights to the heavier side of the balance or to

remove them from the lighter side), observa-

tions of students' strategies showed a lack of

understanding of the relationship between dif-

ferent units ofmeasurement. They appeared to

lack an understanding ofequivalency—not only

physical equivalency (as in the case of the

balance) but in terms of the relationship be-

tween different units of measurement. The re-

quirement of reasonableness in estimation also

presented some problems. As the balance so

attracted some students that they suspended all

judgements concerning its actual use, numerical

computation appeared to obscure the judge-

ment of others. These students shown an un-

critical reliance on their computation, with little

checking against reality.

In contrast, Animal/Leafkey was a very struc-

tured task, examining students' language and

concepts in addition to their ability to classify.

It highlighted the crucial role that language

plays in thinking and understanding in science.

Although most students readily identified land

animals as within the category of animal, more

experienced difficulty with less typical examples

such as fish, bumblebees, and snails. Only 26

percent of fourth graders and 55 percent of

eighth graders correctly identified a boy as an

animal. When asked to classify a set of figures

that was designed to display the presence or

absence of certain attributes, students at both

grade levels had few problems. However, when

presented with a less artificial grouping (a set of

leaves), they experienced difficulty in articulat-

ing the characteristics that could be used to

subdivide the set.

Like Popcorn Estimation, Insulation was
deceptively simple. Administered only at the

eighth grade level, this task represented the

only actual experiment that students were asked

to perform. Fewstudents had clear idea of what

the task involved, trying only to find the cup in

which the temperature of the water was the

highest. It is doubtful that many recognized it

as a scientific experiment or saw the need for

identifying and controlling variables. Most



were concerned only with producing an answer. Even

here students did not relate their answer to the practical

requirements of the problem. For example, only 27 per-

cent took readings over a period of 4 minutes or longer.

Although half recorded the results, little attempt was

made to use the data. Few made any attempt to examine

it for patterns or anomalies such as different rates of heat

loss. They interpreted the task as one that called for

producing an answer rather than examining a relationship.

Although much ofCubes was devoted to the use ofspatial

visualization in determining volume, its initial problem

involved a concrete representation of numerical relation-

ships. Few students recognized this. Most concentrated

on making discrete figures with the 16 cubes provided

without recognizing the numerical pattern that emerged.

Unfamiliarity with the concept of volume undoubtedly

accounted for the large differences between fourth and

eighth graders in the other problems in this task. Al-

though half of the fourth graders could give volume es-

timates when presented with a box and cubes, the

additional requirement that they use an incomplete solid

to visualize a completed one was extremely difficult for

them. Only a quarter could complete the simplest figure

presented. Eighth graders also found it difficult to com-

pute the number of missing cubes in an incomplete rec-

tangular solid, particularly as the solids became more

complex and more dependent upon visualization

strategies. Gender differences were noted between girls

and boys in strategies, although not in success in execution.

Although Circuits dealt with the essential scientific

processes of confirming or disconfirming hypotheses

through observation, it was structured in such a way that

most of the organizational demands were eliminated. A
chart and a series of leading questions helped students to

focus on the main problems ofprediction and observation.

Although only 42 percent offourth graders and 60 percent

of the eighth graders showed an understanding ofthe flow

of electricity in a circuit, this did not interfere with their

practical understanding of how to use batteries and wires

to light a bulb. Almost all students at both grades were

able to complete this task; while, approximately28 percent

of fourth graders and 45 percent of eighth graders correct-

ly identified the contents of all the mystery boxes. When
asked to generate and test their hypotheses in order to do

this, those who had some knowledge of conductivity were

at an advantage. Students who recognized that they did

not know also managed to come to a correct solution by a

process of elimination. However, those who had miscon-

ceptions about the effect of different materials found it

difficult to confirm or disconfirm their hypotheses purely

by observation.

Although students were fairly successful in

dealing with the constraints required by

Playground and Math Town, they dealt less well

with the measuring tasks involved. With the

exception of the ruler, students showed a reluc-

tance to use the measuring instruments

provided, even in cases where they were clearly

more appropriate. This was true of both grade

levels, The added restrictions at grade eight

resulted in a more difficult task for students at

this level, with a relatively small percentage of

students meeting all the restrictions. In both

tasks, students had to organize their responses

to various requirements while remaining

flexible enough to adjust to different restric-

tions. The area determination problems proved

very difficult at both grades; however, fourth

graders seemed more inclined to use unconven-

tional though appropriate means (i.e., the grid)

to find the answer. Eighth graders seemed to

believe that calculation was the only means of

finding the area even though they had been

provided with a grid. For eighth graders, be-

cause one of the areas was an irregular shape,

linear measurement was clearly inappropriate.

The least structured tasks proved to be the most

revealing of students' understanding, as well as

of their strategies. However, the main impres-

sion gained from these open-ended tasks was of

students' unfamiliarity with the process of inves-

tigation. Despite the administrators' request

that they "form a plan," most students at both

level started Popcorn Estimation without any

clear analysis of what was involved, only to find

that they later had to change strategies. Again,

for many at both levels, thesheer quantity of the

kernels and the availability of different

measures led to confusion and many lost sight

of the initial problem. Insulation led to some

of the same behavior. Students did not appear

to see the parallel between this practical prob-

lem and their experiences in science labs. Many
took the question at face value. In neither case

did they ask clarifying questions or attempt to

analyze the requirements of the task.

In addition, students did not make appropriate

use of the equipment available. In Popcorn

Estimation, the presence of the balance was

extremely attractive, especially to fourth

graders. However, many in both grades did not

have a clear idea of the effects ofweights placed



on either side. This apparent lack of familiarity in using

instruments was not limited to the balance. In Playground

and Math Town the majority of students ignored other

measuring devices in favor of the ruler, however inap-

propriate it was for the task at hand. On the other hand,

students did show prior experience with bulbs and bat-

teries and handled these pieces of equipment with ease.

Students generally enjoyed the tasks and worked well with

one another. It was obvious, however, that solving

problems such as these represented new experiences. Ad-

ministrators noted that, when students did have prior

experience with this kind of activity, it was evident in their

approaches to the task at hand.

Implications for Teachers

There are two main purposes of the reports on these

performance tests. One is to supply detailed information

on how students understand mathematical and scientific

concepts and how well they are able to apply those con-

cepts to practical problems. We hope that this informa-

tion will prove useful when teachers plan instructional

activities for their students. The second purpose is to

model the kind of evaluation tasks that can, and should,

be taking place in classrooms. For these reasons, these

reports are specifically addressed to the principals and

classroom teachers who monitor the progress of their

students.

Most teachers depend upon observation for the informal

assessment of their students. They have, however, voiced

concern about the validity ofsuch methods in more formal

evaluations. -Although they are aware that judgements

based solely on simple tests of facts and procedures do not

give an accurate account of what their students can and

cannot do, they worry about the objectivity of tests that

cannot be easily marked and computed. Focussed obser-

vation of student performance can prove to be a valid and

reliable assessment technique, provided the criteria are

clearly delineated and fully documented.

I For each of the tasks reported here administrators used a

: detailed scoring guide, supplemented by their own obser-

vations and records of students' conversations and

strategies. Examples in our reports show how these

strategies can be used to produce objective evaluations.

The extent of detail required is, of course, dictated by the

assessment. For informal assessment at the

younger grades, short notes and observations

should remain the norm. However, for more

formal purposes such as grading, more detailed

and explicit criteria should be used.

Secondly, in order to understand the reasons

behind students behavior, it is important that

students be asked to explain their reasons or

strategies. Communication is an important

component to this kind of evaluation. Much of

students' reasoning is inaccessible to us unless

we directly question them. Asking why they

think as they do, in contrast to asking for the

correct solution, is an important part of assess-

ment.

Thirdly, all the tasks were developed to be com-

pleted by pairs of students and, had it been

practical, more would have been included. Par-

tially, this is because problem solving in practical

situations is usually a social process. Individual

problem solving is more apt to occur in school

contexts than in real life. Partially, this is be-

cause students reveal more when they work

together. Not only do they discuss strategies

and rationale more freelywith one another than

they would with a teacher, they also accept and

extend the ideas ofothers. More can be learned

about students' understanding from their work

with others than from their independent efforts.

Clearly, teachers must use many kinds of infor-

mation to make assessments of their students.

Assessments are not tests; they are judgements

about quality. To be valid they should be based

on different kinds of evidence. What kind of

evidence that we accept should be determined

by what we want to know. For example, if we
want to know how well a student can read

graphs or can interpret information, then clear-

ly a written test is the most appropriate

measure. Sometimes, however, more complex

tasks are needed. If we want to know how well

students can structure an investigation and or

can integrate different concepts in the solution

of a problem—particularly a practical prob-

lem—then more active and open-ended tasks

are needed. These reports suggest a beginning.

designed by This pamphlet reports on the results of the 1989 testing carried out by the

Massachusetts Educational Assessment Program. Other pamphlets in this series:

"Animaaeafkey," "Circuits," "Cubes," "Insulation," "Math Town," "Playground,"

and "Popcorn Estimation."
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