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This paper reports a research study examining the benefits of investigations as non-traditional assessment tasks in the lower
secondary school. A mathematical investigation is defined as an inquiry into a mathematical situation, the topic of which may
arise from real life or a mathematically designed problem. Students are required to apply familiar skills and concepts, to the
unfamiliar situation of the investigation (Reid and Wright, 1994). In this study, the investigations used were assessment items
that were part of the normal school program. Four teachers and 18 students participated in the study. The main methods of
data collection were interviews and observations. Both teachers and students participated in the interviews. The observations,
however, were more focused on the students. Student journal writing, related documents and artefacts, and student samples
supplemented this data. The major findings for the study were that investigations enabled students to learn more effectively, to
become more involved in mathematics at school, and to interact more frequently with each other. Specific findings from the
interviews revealed that students felt more challenged in mathematics, and developed a greater understanding of the concepts
involved. The observations were consistent with the interviews, and showed students actively engaging themselves in the
mathematical processes of the investigation.

Introduction

This paper reports a preliminary study that examined the role of investigations in the teaching, learning and assessment of
mathematics in the secondary school. As the study unfolded, particular interest was directed towards the role of mathematical
investigations as assessment tasks. Some of the main project aims were to document, describe and analyse the variety of ways
in which students engaged in the process of mathematical investigations, and to provide a 'window' on teachers' and students'
views of what really goes on during the processes of a mathematical investigation. Investigations are highly recommended by
various policy and curriculum documents at state, national and international levels. They are examples of rich learning tasks, in
which students learn and develop basic knowledge and skills that are relevant to real life situations. For example, Education
Queensland have developed and designed 'rich learning tasks' for students to develop knowledge and skills associated with the
'new basics'. The new basics' include considerations of: Life Pathways and Social Futures; Multiliteracies, Numeracy and
Communication Media; Active citizenship and; Environments and Technology. Such tasks pose a challenge for students, and
require them to think deeply and critically about what they are expected to do. These tasks also provide opportunities for
students to discuss the work with their peers and construct self-help groups, especially in situations where the teacher may be
too busy to help each and every individual. If 'rich learning tasks' are to be included in the curriculum, then it should follow that
'rich assessment tasks' should also be included to reflect the current goals of schooling. Rich assessment tasks are a reflection
of what has been taught, and encourage students to show connections that they are able to make between the concepts that
they have learned (Clarke & Clarke, 1999). The paper also endeavoured to examine whether these investigations promoted joint
problem-solving, whether the students organised their own self-help groups, and if these were effective means of working
together to construct their own knowledge, or focus solely on getting the right answer.

Theoretical basis

Investigations

Jaworski (1994) introduces mathematical investigations, in a broader discussion of an investigative approach to mathematical
teaching. Mathematics investigations involves students addressing loosely defined problems, and being guided to follow their own
interests and inclinations, setting their own goals, doing their own mathematics and moreover, being motivated to do these tasks
(Jaworski, 1994). While these are ideal outcomes of an investigation, it may be a problematic view as in practice, students may
be given little choice in the problems that they have to do, because everyone else is doing it. They may learn something from it,
but still may not necessarily develop a positive attitude towards engagement in their mathematics. Jaworski suggests that one
of the reasons for including investigations is that they promote the development of mathematical processes which can be applied
in other mathematical work. Jaworski goes on further to say that investigative work encourages a critical construction of
knowledge, as well mathematical exploration, enquiry and discovery on the part of the student.

Bishop (1988) advocates the use of investigations to diversify students' learning experiences in order "to create curricular
structures which allow individuality to be experienced" (p.97). Investigations, which are extended pieces of work undertaken

+ individually (or in small groups, like projects), involve two distinct phases: firstly, the creative and inventive phase when the
mathematical ideas are being explored, analysed and developed; and the second phase, which involves one writing a report on the

Tactivity in the first phase. While Bishop provides a clear definition of what an investigation entails, his emphasis on the individual
is problematic, as there are possibilities that the first phase of the investigation could have involved some form of collaborative
learning.
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The theoretical orientation that underpins the research on the notion of the investigation is the social constructivist theory.
This theory is understood by Simon (1995) as the "co-ordination of psychological and sociological analyses of learning". This
theory views mathematical learning as a social construction of knowledge from shared meanings (Ernest, 1991). Both the
constructivist and sociocultural theories are considered for review, because their basic principles provide a foundation for
understanding the relationship between learning and thinking processes as well as the communicative processes that constitute
the learning and problem-solving processes. This, however, poses a debate as to whether the mind is located in the head or in
individual-in-social actions, especially in the course of an investigation. Galbraith et al (1999) make a clear distinction between
the sociocultural and constructivist positions. A sociocultural orientation views learning as "a collective process of enculturation
into practices of mathematical communities", while the constructivist position gives priority to the individual construction of
understanding. With the constructivist position, "social interaction acts as a source of cognitive conflict to force the
reorganisation of personal metnal structures".

Cobb (1994) argues that the learning involved in mathematical activity should be viewed as a process of both active individual
construction and process of enculturation. This argument is based on his acknowledgement of the considerable debate on
whether mind can be conceptualised in the head or in the individual-in-social action. Rather than adjudicating a dispute between
the opposing perspectives, he attempts to co-ordinate the constructivist and sociocultural perspectives in mathematics
education. An important point that Cobb raises is that both both the constructivist and sociocultural perspectives highlighted
the important role of activities in mathematical learning and development, although the two perspectives offer contrasting
explanations. From a sociocultural perspective, an individual participating in an investigation would gain a greater understanding
o f their thinking processes after interacting socially with others, and working with others to complete the investigation.
Vygotsky's notion of the zone of proximal development provides an important basis for understanding the possible benefits of
social interactions in the classroom. The zone of proximal development is defined as the distance between a child's actual
development as determined by individual problem-solving", and the higher level of "potential development" as determined through
problem solving under adult guidance or in collaboration with more "capable peers" (Wertsch, 1991). During investigations,
students do gather their knowledge and understanding of the concepts, not just by the hands-on experience, but the experience
o f being able to negotiate the task requirements with their peers and the expert teacher. From participating in these zones of
proximal development with the teacher and their peers, they are then able to internalise and transform the learning material into
something that has personal relevance and meaning.

Methodology

The data that I am reporting on here, is drawn from a preliminary study conducted with several case study classes at a public
secondary school in the western outskirts of Brisbane. This school was chosen for the study, because of the Head Mathematics
teacher's interest in promoting non-traditional assessment in mathematics. The investigation took place at the time, when all
Year 8 and Year 9 classes were doing their investigations and practical hands-on assignments. This was arranged, so that the
researcher would be there at a time coincidental to when the teachers were doing the investigation work with the students, so as
not to disrupt too much teaching and learning time.To collect data, I used observations and interviews. I even attempted using
journals to find out students' views of the processes that they engaged in, during the investigations. The participants were
teachers and students from two Year 8 and two Year 9 classes.

In the words of the two teachers, Reid and Wright (1992), a mathematical investigation is:

"...an inquiry into a mathematical situation, the topic of which may arise from real life, or
from a mathematically designed problem. Students are required to apply familiar skills and
concepts to the unfamiliar situation of the investigation and communicate their findings in a
report."

Reid and Wright incorporate the two phases of an investigation, as described by Bishop (1988). Unlike Bishop, they go on to
include investigations as part of the assessment program in the mathematics curriculum at the school. In a program that they
proposed, they anticipated that by incorporating an investigative maths program into the mathematics program at this
particular school, students will gain:

A willingness to attempt, explore and extend unfamiliar problems;

A flexibility in approaching mathematical problems;

Enhanced ability to draw on mathematical knowledge;

Enhanced ability to communicate mathematical information in both written and oral form;

Improved skills in empirical testing and algebraic validation; and

Skills in group work

I t is anticipated that as my study will be conducted in this particular school, where they are conducting this particular program,
http://www.aare.edu.au/99paprche99394.htm

3



ti

Monday, May 14, 2001 Paper Page: 3

that some of the outcomes from the study, meet the goals that have been listed above.

The Year 8 students completed the Basketball Court Assignment (attached). The concepts involved were measuring length and
area. This assignment involved students working in pairs or groups, to state the length of their pace, measure the length, and
width of the entire basketball court, as well as the minor dimensions, such as the radius centre circle and of the free-throw
area. The students were required to work together to gather their data, and to produce their own calculations. They were also
given the opportunity to go out onto the basketball courts, to collect their data there. This assignment was broken up into Core
and Extension activities. Whilst the Core questions required students to simply state the measurements they took while on the
basketball courts, the Extension questions required the students to use the measurements they acquired and apply these to
questions that required them to find or calculate the area of certain parts of the basketball courts.

The Year 9 students completed the assignment on Measuring Heights (attached). Their task was to calculate the height of an
object within the school grounds using two different methods. They had to work to work in pairs or groups to measure an object
o f their choice, whether it be a tree, a building or a shed. The students were also required to use measuring instruments such as
a clinometer or a mirror. The concepts involved trigonometry and similar triangles.

Findings

From the range of data provided by students and teachers, three major themes emerged: 1) Students experienced meaningful
learning; 2) Students became involved in their own learning process; and 3) Students interacted with each other.The findings of
the study revealed that investigations, as non-traditional assessments, proved to be beneficial for students. It opened up
opportunities for understanding relevant mathematical concepts. Empirical verification shows that within the themes, some of
the goals for the investigative maths program incited by Reid and Wright, were able to be achieved.

The students experienced meaningful learning. Student anecdotes revealed that they experienced meaningful
learning by participating in these tasks. In doing investigations, they were able to cover a particular mathematics topic in greater
detail, and were challenged to think for themselves. This was particularly evident in one students' comment.

Just, urn, how they give... like it's not the same work, like there's no basic real answers to
them. You just got to like, try and figure them out and hope for the best. You just can't
cheat and that. They give you like ... They make you work pretty hard, and gives your brain
a test. [SM9: 12)

What this student means is that you can't avoid engagement in the task by just looking for the answer at the back of the
textbook. You have to be able to work things out and hope that you're on the right track and doing it the right way. Situations like
this, discourages students from attempting to find the right answer and thus, forces one to think for oneself and test the
power of their thinking. This student's comment was also supported by another student, who felt more challenged to do different
things, apart from just exercises in the book.

Yeah, because it helps you to build up your courage and all that, to learn how to do more
things. [ST8:16)

"Courage" here, conveys the idea that the exposure to different ways of doing things, other than just learning from teacher
chalk-and-talk, and textbook exercises, enabled this student to gain more confidence in doing hands-on activities, like going out
o f the classroom to measure a basketball court, using measuring devices or a trundle wheel or a tape measure. The previous
comment also provided evidence that the students were able to demonstrate a flexibility in approaching mathematical problems,
after being given the opportunity to do so. These comments by students were also evidence of their willingness to attempt,
explore and extend unfamiliar problems. Other students also claimed that the investigations gave them more opportunities to
learn about a particular topic in greater detail.

Learning more about each topic, like if we were doing measurements like the basketball court,
like we learn how to take measurements, and like how to do paces and metres. Yeah, so
stuff like that (SA8:38).

I understood the tangent much better, like in the way we added it up and that. I understood
i t more than what I did in class, because we did it in further detail. [ST9:44]

The statements provided by these two students suggest that these practical hands-on tasks assisted them to gain a deeper
understanding of the concept, by seeing it work in practice. By measuring a basketball court with the appropriate tools, SA8 was
able to understand and appreciate the methods of measurements, and how the concepts of pace and metres were associated
with the measurements. ST9 also learnt more about the tangent rule, by having to measure the height of an object that is over 2
metres high, with the clinometer. By using a clinometer, she was able to gain a greater understanding of how the tangent rule
was to be used. However, rather than drawing on mathematical knowledge, as was one of the goals in the program, students
were able to enrich their mathematical knowledge after participating in the investigation.

Students were engaged in their own learning. The nature of the tasks encouraged students to be more engaged
in the work. It was observed that students were willing to work together to accomplish a goal and to finish a task successfully.
They also showed enthusiasm about having to work on their own, and to establish an understanding of the concepts through their

http://www.aare.edu.au/89papiche99394.htm
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own experiences. This was reflected in the words of one student who believed such experiences aided in later recall of the
concepts used.

"...Yeah a better idea of doing it, and you actually remember. When you're just sitting there,
with the textbook, it just goes in one ear and straight out the other (laughs).(SJ9: 9]"

This student suggests that participating in the investigations was conducive to alternative representations of heights and
tangents. If she had only seen an example in the textbook, the representation would have little meaning for her. Seeing how the
tangent could be used in real life was most helpful, as it aided her understanding and her ability to remember.

1

This picture also shows how students were engaged in their work. The investigation opened up opportunities for them to
experience hands-on, the methods of measuring the height of an object that appeared to be over 2m. The students in this
particular class were very involved, taking different roles to measure the distance from the tree to the point where they would
attempt to measure the height of the tree. While one student measured out the required 15m, another student measured the
eye height of her peer, and the student whose height was being measured, used the clinometer to measure the angle of
elevation. The learning that was involved here promoted students' abilities to work in groups and to gain flexibility.

Students Interacted with each other. By interacting more with each other, students were able to develop their skills
in group work. In one lesson, it was observed that students actively negotiated the task together and were helping with different
aspects of the practical tasks. While one student used the instruments, the other students looked on, to announce the
measurements they achieved. Students were enthusiastic about working with their peers, because they felt that they could help
each other out, and did not feel so apprehensive about having to ask their teacher. One student's comment illustrates this.

Yeah, because ... like you're there with friends, and you can work together on it. If you got
something wrong, they could tell you, and like, you could help each other out. [SC9:10]

Sometimes students also felt that they learnt better through interacting with each other. This was because they were able to
understand the explanations used by their peers, better than those used by their teachers.

http://www.aare.edu.au/99papiche99394.htm
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Yeah, it helped a lot, once I've had it explained, because sometimes when you're listening to
Ms Fuller, she sometimes explains things, and then you won't get it; when she goes back, you
still sometimes don't get it. But when you're listening to someone, same age as us, they
explain it in our terms. [SK9:24]

This student's comment was supported by her teachers' comment that students do learn better from each other by talking in a
language that they understood best. The teacher later illustrated this in a comment that was made, when perusing through one
of the student journals.

"...K's made a comment here, where she says...I'm sorry, not K, C has made a comment here,
that K asked her, whether she could explain how to do the working of the triangles, and C
says she enjoys helping her classmates, because it not only helps her look smart, joke in
brackets, but it also helps her understand when she explains it in her terms. I'd really put it
through experience, that it's a very valid comment, because it does help her to explain, it
does help her to understand, when she explains, but that's not such a joke either, about it
making her look smart, it does really build self-esteem and confidence, to be able to help
other students. That's very very important." (F9:22]

This comment by the teacher showed that she supported the fact that students interacted with each other, as it also gave them
opportunities to explain to each other how to do things, and to boost their own understanding and self-confidence in
mathematics. Furthermore, the experience of writing the journal contributed to the metacognitive knowledge of students, as well
as expressing the boost in their self-esteem. This is an interesting finding which would be worth exploring in further depth.

Other notable findings.

Other notable findings from the preliminary study were factors that helped or hindered learning during these investigations.
Some of the factors that helped students with these investigations were teachers preparing the students by giving clear
explanations about approaching the task, and the opportunities to seek assistance from other students. Some possible
hindrances to student learning were student misbehaviour and negative attitudes to learning mathematics. One teacher
commented

"...as soon as they get outside the classroom, the kids start to get a bit ballistic IM8: 6].... I've tried it a couple of
times with kids before, and I've found that they've got too agitated doing anything outside the classroom [M8:10]"

Fear of misbehaviour remains a crucial impediment for some teachers in implementing more active teaching and learning
strategies. Teachers who lack the confidence or the will to engage in learning activities outside the classroom, are likely to limit
students' opportunities to build richer and more diverse representations of mathematical concepts.

Conclusions

I t is to be recalled that the aims of the study were to document, describe and analyse the variety of ways in which students
engaged in the process of mathematical investigations, and provide a window to teacher's and students' views of the processes
involved in these mathematical investigations. The main findings from this study were that students experienced active learning,
were engaged in the learning process and interacted with each other. Within each theme, the data from observations and
interviews with teachers and students sometimes challenged and supported the theory that was offered on investigations and
social constructivism. Observations of the lessons were inconsistent with the suggestions offered by Jaworski (1994). While
Jaworski suggested that mathematical investigations involved students addressing loosely defined problems, and guided them to
follow their own interests, observations in this study revealed that the investigations being administered to students were
tightly structured, and students did not have the choice to choose to follow their own topic of interest. Even though these were
more tightly structured, nonetheless students anecdotes and observations did reveal that they had opportunities to construct
their own knowledge of the relevant concepts by exploring, enquiring and discovering ways and means of measuring a basketball
court or measuring the height of a building. Opportunities to interact with each other enabled students to learn and to
understand the concepts. Student's reflections of understanding their peers' explanations supported the principles of social
constructivism, which views learning as a social construction of knowledge from shared meanings (Ernest, 1991). The data
collection methods (interviews and observations) that were used were adequate, although means to capture meaningful dialogue
to further enrich data, are needed.

This preliminary study was the stepping stone for my current study, which focuses on the ways that students interact and help
each other during these investigations. My current study "Who Helps You?" is an attempt to trace the complex network of
collaborations that support students in their learning activities.

References:

Bishop, A. J. (1988). Mathematical Enculturation: A Cultural Perspective on Mathematics Education. Dordrecht: Kluwer Academic
Publishers.

http://www.aare.edu.au/99papiche99394.htm

6



Monday, May 14, 2001 Paper Page:6

Clarke, B & Clarke, D (1999). Developing and Using Rich Assessment Tasks: Some Models, Some Lessons. In Baldwin, K & Roberts,
J (editors). Proceedings of the Seventeenth Biennial Conference of the Australian Association of Mathematics Teachers Inc.
Adelaide, Jan 11-15, 1999, pp.266-273

Cobb, P (1994). 'Where is the Mind?: Constructivist and Sociocultural Perspectives in Mathematics Development'. Educational
Researcher, 23, 7, 13-20.

Ernest, P. (1991). The Philosophy of Mathematics Education: Studies in Mathematics Education. London: The Falmer Press.

Jaworski, B (1994). Investigating Mathematics Teaching: A constructivist enquiry. London: The Falmer Press.

Reid, S. and Wright, D. (1992). 'Investigational Mathematics: A Developmental Program'. Teaching Mathematics, Vol. 17, no.1.

Simon, M.A. (1995). 'Reconstructing Mathematics Pedagogy From A Constructivist Perspective'. Journal for Research in
Mathematics Education 26, 2, 114-145.

hOp://www.aare.adu.au/99papiche99394.htm

7



08-JUN-2001 08:28 FROM TO 0001516142920263 P.01

U.S. Department of Education
Office of Educational Research and Improvement (OEM)

National Library of Education (NLE)
Educational Resources Information Center (ERIC)

REPRODUCTION RELEASE
(Specific Document)

I. DOCUMENT IDENTIFICATION:

ERIC

benefits or investleations 4S non-tradition ci( qS4VSErn-en/3Title:

Author(s): Pyr9 C1-16/4

Corporate Source: Au61 -rafian Associcition for ResecithinEdocation

ConferelAce Proceed/19s Melbourne- lqq1 DaC 2..

Publication Date:

DecizmberIcictq

II. REPRODUCTION RELEASE:
In order to disseminate as widely as possible timely and significant materials of Interest to the educational community, documents announced in the

monthly abstract journal of the ERIC system, Resources in Education (RIE), are usually made available to users in microfiche, reproduced paper copy, and
electronic media, and sold through the ERIC Document Reproduction Service (EDRS). Credit is given to the source of each document, and, if reproduction
release is granted, one of the following notices Is affixed to the document.

If permission Is granted to reproduce and disseminate the Identified document, please CHECK ONE of the following three options and sign at the bottom
of the page.

The sample sticker shown below will be
aftbcad to all Level 1 dap...merits

PERMISSION TO REPRODUCE AND
DISSEMINATE THis MATERIAL HAS

BEEN GRANTED BY

Min Pine CHEN

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level I
X

Cheek here kif Level 1 release. perrnutIng reproduction
end dissemination In microfiche or other ERIC erchwei

media (e.g.. electronic) end paper copy.

Sign
here,
please

The sample slicker shown below will be
of to all Level 2A documents

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN

MICROFICHE, AND IN ELECTRONIC MEDIA
FOR ERIC COLLECTION SUBSCRIBERS ONLY.

HAS BEEN GRANTED BY

2A

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

2A

Chart here reir Lewd 2A release. permitting reproduction
and dissemination in microfiche and In electronic media for

ERIC ercilivel eedleclion subgenera only

The Sample sticker shown below wig be
affixed to ell Levet 2B documents

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN

MICROFICHE ONLY HAS BEEN GRANTED BY

2B

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level 28

X

Check here for Level 29 release. permitting reproduCtiOn
end disserninatian In microfiche only

Documents WIO be processed as indicated provided reproduction quality permits.
1(i:emission to reproduce is granted, but no box Is checked. documents will be processed at Levert

I hereby grant to the Educational Resources Information Center (ERIC) nonexclusive permission to reproduce and disseminate this document
as indicated above. Reproduction from the ERIC microfiche or electronic media by persons other then ERIC employees and Its system
contractors requires permission from the copyright holder. Exception Is made for non-profit reproduction by libraries and other service agencies
to satisfy infOrmatiOn needs of educators In response to discrete Inquiries.

Printed Nerna/Pcsitionfiltle:

OrganIzanonmadrese.

School eoc4cArtoni
uvilversev of Queens (O nd

Telephone: 61 1 sa6s6soq FAX SON- 61 7 33651tq9
&MailAddress:0364
Sttat"-...LActellatcau oat" 013 Tune 01


