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This paper focuses on a specific aspect of forrmassessment, namely questioning.
Given that computers have gained widespread ugsaiming and teaching, specific
attention should be made when organising forma@gsessment in computer
learning environments (CLE’s). A course was dedgigaening to develop knowledge
and skills of questioning in CLE’s for the purpaddormative assessment. This case
study investigates how a pre-service mathematiasher used questioning in the
classroom to introduce the derivative concept uskeggebra and Graphic Calculus
software. The findings indicated that the coursevpted a guideline for pre-service
mathematics teachers in planning and using effecjivestioning in CLE’s.

INTRODUCTION

Assessment plays an integral role in teaching. Heweas Heritage (2007) point
out, assessment and teaching have been tradiyms®dh as reciprocal activities as a
result of measurement concerns such as high-stadagintability of testing. Many
researchers mention that good practice yields fmomacognition of both summative
and formative purposes of assessment and use twrdangly (Dwyer, 1998).

Despite its importance for learning and teachirggeasment has not been a main
focus of teacher training courses. Furthermore,igigtrators “also lack training in
assessment and therefore do not have the skillsupport the development of
assessment competencies” (Heritage, 2007, p. 4yveDy1998) mentions that,
courses on evaluation of learning have been disapye from teacher education
programs. However, she claims that it is well ustteyd by experienced teachers
and assessment is well targeted in many profedstEeelopment programmes for
in-service teachers (Danielson, 1996 as cited wddy1998).

Given that computers have gained widespread uksarning and teaching, specific
attention should be made when organising assessmerdomputer learning

environments (CLE’s). A successful integration efthnology into instruction

requires an integration of technology into assessn@n the other hand, there is
little research on how to organise assessment astagral part of teaching in

computer learning environments (Kissateal, 1996).

Considering the need to incorporate assessmentamnp into pre-service teacher
education programs and the importance of integratiotechnology into instruction
as suggested by the relevant literature, we degigmecourse for pre-service
mathematics teachers, which aims to develop tlssiessment skills as a component
of TPCK. This paper focuses on how a pre-serviaelter developed the knowledge



and skills of formative assessment in computerniegr environments. Particular
attention is given to questioning which occur dgralassroom assessment.

THEORETICAL FRAMEWORK

In teacher education research, assessment has coesidered as an important
component of teachers’ knowledge of pedagogy. ABkulman (1986) suggested
pedagogical content knowledge (PCK) as a sepamtaith of teacher knowledge,
many researchers such as Tamir (1988) definedsmmsas as a component of PCK.
Pierson (1999) and Mishra & Koehler (2006) has ddithe technology component
to PCK framework and defined Technological PedagmigContent Knowledge

(TPCK) framework. Although, in the literature, tromponents of the TPCK

framework have been defined as parallel to the comapts of PCK framework,

assessment as a component of TPCK has not beanesfy dealt with.

The theoretical perspective of this study is seédatvithin the distinction between
summative and formative purposes of assessmentn@tive assessment is used for
the purpose of grading or certifying students. we wther hand, formative
assessment intends “to monitor student progressglimstruction to identify the
students’ learning successes and failures so ttiaistanents in instruction and
learning can be made” (Gronlund, 2006, p. 6). Thereesearch evidence of the
extraordinary effectiveness of formative assessm@iack & Wiliam, 1998).
Despite its importance, most pre-service teachees assessment for summative
purposes while a minority uses for formative pugso¢Volante & Fazio, 2007).
There are various aspects of formative assessmsas of tests to diagnose what
students have already known or using the evaluatibmomework in decision
making for the next lesson and classroom assessaiecih occurs in the classroom
on a daily basis. Among those, researchers pointlassroom assessment as an area
of difficulty which is encountered by pre-servieathers (Mavrommatis, 1997).

Classroom assessment refers to the processesleftoa information and making

interpretations and decisions based on this infoomaon a daily basis in order to
improve teaching and learning (Airasian, 1991 asdcin Mavrommatis, 1997). In

that process, questioning is an important inforaragathering technique by which
teachers can monitor student learning. Airasianafe$ (1993) claim that pre-
service teachers are not given adequate traininigweloping questioning strategies
and, indeed, that some receive no training atTdlerefore, questioning that can
facilitate formative assessment for the purposdeafning should receive more
attention in the preparation of teachers.

Given that computers have gained widespread uksarning and teaching, specific
attention should be made to questioning in CLEMer&fore, this study focuses on
the design of a course aiming to develop knowleage skills of questioning in
CLE's for the purpose of formative assessment. falyae pre-service teachers'
guestioning, Pierce & Stacey's (2004) frameworkadopted. Their framework



identifies the main characteristics of studentseractions with CAS technology.

They specify aspects of effective use of CAS whioély suggest to adopt to other
mathematical software tools. Using a CAS in paldcwr any other software in

general to do mathematics requires both traditionathematical knowledge and
knowledge of the machine. These two requires ataohterplay which Pierce &

Stacey (2004) defined #schnical aspeodf effective use of technology which could
be described as the knowledge and skills relatethéosoftware rather than the
hardware of the machine. It is where mathematicstsnmachine (e.g. fluent use of
software syntax, ability to systematically changeresentation or interpreting the
software output) as mentioned by Pierce & Stacép42

In the framework, two types of questions will bestoiguished. The first is
mathematical questionsrhich aim to assess what Pierce & Stacey (2004) ca
traditional mathematical knowledge. The second bl calledtechnical questions
which attend to technical aspects of using techmoloAlthough questions in this
category seem to focus on what the software perftrere is a constant interplay of
mathematical knowledge and knowledge about thentdolyy (See Figure 1).

CONTINUUM OF KNOWLEDGE AND SKILLS REQUIRED FOR USING TECHNOLOGY

Machine : Mathematics
Technical aspects
only only

Softw!
Hardware — ortware -
Technical questions Mathematical questions
How to define a slide How to find average
in Geogebra to evaluate rate of change
various rates of change

Figure 1: Continuum of knowledge and skills requirel for using questioning in CLE's

The aim of this paper is to explore what kindsssiuies come into question in CLE’s
in terms of questioning for formative purposes.this respect we formulate the
following research question: “How do pre-service tmematics teachers use
mathematical and technical questions for formgpweoses in CLE’'s?

COURSE DESIGN

In a wider context, this study is part of a reskgsooject for which we designed a
course guided by TPCK framework. In this paper, dlescription of the course is
restricted to its assessment component. An eight-ivorkshop was conducted on
assessment. During the first phase, which we c&K Pworkshop, general

information on assessment, its integral relatiomstith learning and teaching, and



examples of summative and formative assessmentgwas. This is followed by
activities during which forty pre-service teachaverked in groups. In the first
activity, pre-service teachers were asked to spedijectives of a lesson which
introduces the concepts such as function and demvaThey presented their
objectives to their peers and discussed each gsaipéctives in an interactive way.
For the second activity, they designed lesson iéiesvto achieve their objectives. As
they began to structure their activities, they wasked to prepare questions to
provoke student thinking for the purpose of attagntheir lesson objectives. The
aims of such questioning in a lesson were explaimedelation to classroom
assessment for formative purposes. At the nextghakich we call technological
knowledge (TK) workshop, pre-service teachers lelaow to use computer software
and did hands-on-activities in a computer lab wugs of twenty. They used Graphic
Calculus, Geogebra, Probability Explorer, Excel &abri Geometry software. This
phase focused on the technical knowledge of thisvaoé. The last phase, which we
call TPCK workshop, focused on the pedagogy of gigachnology with specific
attention given to the assessment component. Fagusn the content, that is
function and derivative, pre-service teachers vasieed to re-consider their lesson
activities and how to attend to assessment of tlesisons. They also practiced
various computer based assessment tools such amayworksheets of Geogebra
and Inspiration software for making concept mapsiiy this phase, we focused on
the following questions with regard to assessmangeneral and questioning in
computer learning environments in particular:

* How would assessment and evaluation techniques/tiange when concepts
such as function and derivative are taught usiojgrtelogical tools?

« How can technology be used for summative/formasisgessment to achieve
lesson objectives which you specified for the lessdor function and
derivative concepts?

Questions above were discussed with pre-servicehées during the workshops
considering a specific lesson objective as shoviovoe

Let us consider the following lesson objective:
» Students will be able to express derivative at iatpas instantaneous rate |of
change.
To assess whether this objective is achieved bgests, ask questions with the
following purposes:
* What kinds of questions could be asked during @&olesin CLE’s for,
summative/formative purposes to promote thinkingéoordance with lessagn
objectives?

Table 1: Points of discussion concerning questiongnduring the workshop

Following this, workshops focused on classroom sssent in CLE’s and how to
evaluate students' understanding when they usadéxdy. We emphasised that the



nature of probing questions will be changed assalref change of media in the
classroom. Pre-service teachers were encouragesgkajuestions on what were
performed by the software and their mathematicaammgs to promote purposeful
use of technology.

METHODOLOGY AND CONTEXT OF THE STUDY

This study is part of a research project which aiondevelop a programme for pre-
service mathematics teachers guided by TPCK framewkhe research has been
carried out in a mathematics teacher educationrgnagn a state university in

Istanbul, Turkey.

Following the TPCK workshop which was explaineddetail above, pre-service
teachers were asked to prepare lesson plans whicbdiiced the concepts of
function and derivative at a point as the firsttpafrthe program. In these lesson
plans, they were also asked to explain what kifdsseessment they plan for their
lessons. Ten pre-service teachers taught thesenksss part of micro-teaching
activities and discussed their assessment appreoaakie their peers. This way, pre-
service teachers had the chance to put their krigglef assessment into practice.
In the second part of the program, pre-servicehteacplanned and conducted their
own workshops of TPCK on various mathematical cptecsuch as limit, continuity,
integral, probability and radian and did micro-teag activities.

For the current exploratory study, a case study ewaslucted to investigate a pre-
service mathematics teacher’s practice of quesigpifor the purpose of formative
assessment in CLE’s. The pre-service teacher, Gliwenale and twenty-two years
old. He completed mathematics courses which lafstethree and a half years and
started to take education and mathematics educetiorses. The data was collected
during “Mathematics Teaching Methods II” and "Instiional Technologies and
Material Development” course. Pre-service teacparscipated in the program were
asked to prepare a lesson plan with detailed tegamtes to introduce the concepts
of function and derivative and they were interviewen their lesson preparations.
Semi-structured interviews, which included a secbo how assessment is planned,
were conducted. In addition to that, pre-servieeher's lesson and his reflections at
the end of the lesson were video-taped. This pépenses on the analysis of
Guven’s lesson plan, verbatim transcripts of hterwmiew on the preparation of his
lesson plan, and video of his micro-teaching lessoderivative.

FINDINGS

In this section, findings will be presented in t&ab-sections. The first sub-section
focuses on how Gulven planned to use questioningoionative purposes in his
second lesson plan on derivative at a point whiehphepared after the TPCK
workshop. In the second sub-section, findings ftbm analysis of Guven’s lesson
will be presented with excerpts demonstrating khissjoning in the classroom.



Guven's planning for questioning
Guven included the following problem in his lesgdan to start his lesson:

Engineers who design car templates are working han highest velocity that the
template is going to reach after two seconds. Twuated the distance during the
first five minutes and they represent it with thedtionf (x) = x*.

During the interview, he mentioned that he chose phoblem to create a cognitive
disequilibrium. He also added that he would useota dquestioning to start a
discussion on the problem in the classroom.

Glven’s lesson plan draft included two sub-sectionsassessment. assessment
during the lesson and assessment at the end oletisen. Given wrote a few
questions to be asked during the lesson for twéemifit purposes: diagnostic
purposes and formative purposes. For formative gqaep, he mentioned that he
would check whether students (that is their pekes) learnt what he intended to
teach using these questions. Some of these gnestidis plan were specific to the
software he used, namely Geogebra and Graphic Idald@ne example of these is
the following: “How does Graphic Calculus calcultite values for rate of change?
Find one of these values with paper and penciltifi@uthe interview he said the
following:

Guven: The formative questions that | prepared welated to the activities that
were performed on the computer. Students (his pgedormed these
activities by looking at the computer and makintpglkations.

As can be seen from the question in his lesson gplah excerpts above, Gliven
purposefully planned for formative assessment. Thestion above can be
considered as a technical question since it regjbgh the knowledge of how to
evaluate the values of rates of change and the ledlow of the software.

Guven's practice of questioning

In practice, GUven used a lot of questioning fonfative purposes during his micro-
teaching lesson which he taught to his peers. Belwdetailed account of his
guestioning approach during his lesson is prese@&dngth and weaknesses of his
pedagogical approach to using mathematical andniegh questioning will be
discussed below.

In the computer lab his peers were in front of ¢benputers in pairs. Given started
his lesson with the problem above. After asking sjoes about velocity and
instantaneous velocity to assess their prior kndgge Gliven asked his peers to find
the average velocity in the first two seconds whgkf(2)-f(0)]/(2-0)=2. Following
this mathematical question, he asked how to reptetbe average velocity using
Geogebra software which is a technical question.t#$ point, it should be
mentioned that this question can be either solvagtgcally (finding the slope of the
tangent line in the equation of the tangent) or eucally using spreadsheet view.



Instead of letting his peers to chose the reprasentto find the average velocity, he
preferred to explain it on the graph using Geogeldeathen asked how to represent
the average value on the graph by plotting two tsoom the graph which is again a
technical question:

Guven: Did we specify two points, both (2,4) and0J0 Are these, change W
divided by change iR? Let us check it again using Geogebra. But how?

He then mentioned that he would define rate of ghansing "slide" feature of
Geogebra. Although he asked technical questionstdimw to do it, he immediately
demonstrated it in a step by step manner withoitirvgafor the class to do it in front
of their own computers.
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Figure 2: Geogebra activity used by Giiven to explaigraphical meaning of derivative

After obtaining the graph as shown in Figure 2 ahowe asked the following
questions to help his peers discover the relatipnsatween average velocity and
the slope of the chord:

Guven: What else can velocity betwe®andB be equal to? Let's think about it on
the graph. Let's draw a chord frokto B. What would velocity be equal to
in terms of the chord?

Student: Rate of change, slope
Guven: Well, we can draw a straight line througb pwints using Geogebra.

After that point he went back to the problem heedlsk the beginning of the lesson
and asked his peers to find the highest velocithafirst two seconds:



Guven: We chose two points for the average vsloeibw can we find the velocity
at a point? For instance, let's move your slidé@wogebra.

Student: We can't find it. It becomes undefined.

Guven: How did you choose the points to approachierd/ does the poinA
approach to?

Student: To the poiri.
Guven: When the points are Bnt's undefined. Let's see it on the table.

As can be seen from the excerpts above, Gluven agkestions to help his peers
find the instantaneous velocity and told them tosenthe slide. In other words, using
the slide feature of the software he wanted thermterpret the outcomes of the
software and find instantaneous velocity. Therefdrs questions above can be
considered as technical questions where the iakeife of Geogebra interplays with
the knowledge of instantaneous velocity.

After that point, he focused on the table as wedpy to explain the instantaneous
velocity. To do that, he used the spreadsheet wie(deogebra and evaluatag/Ax

and asked his peers to interpret different valueained on the table by moving the
slide:

Gulven: (Pointing out slide a). Is "a" at 0? Letace this point on the slide and see
what happens in the table. What happened now? ib&tipret these values
(He moved around the class, observed what everybudin front of their
computers and helped them when they needed).

Student: When does the point A approach to thet@iit'sAy/Ax
Guven: Well, what would be the velocity of the ¢camplate at 2? What is your
guess?

As can be seen from the excerpts above, Glventaskdical questions which focus

on the outcomes on the screen and promotes an stadéing of instantaneous

velocity. After getting the answer for instantangeelocity, Given went back to the

geometrical meaning of it and asked his peerai dut where the chord approaches
to. After getting “tangent” as the answer, he fezl®n the relationship between

velocity and tangent with the following question:

Guven: Fatih, could you find a relationship betwéee velocity at the 2nd second
and the tangent? I'm asking this question to ewetyb

After that, he used the properties of the slidéseogebra to get closer points by
changing the increment from 1 to 0.1:

Gulven: It becomes 3.99. OK. Is this enough foryyoGan we get closer values?



After that, Glven asked his peers to start Graflailculus software and to find out
how the software calculate the rate of changgAx) for smallerAx. Some of the
pre-service teachers mentioned that it approaahddithenAx is very small.

Gulven: 0.0001 and this gives us 4. Can the slepsgoal to 4?
Student: It can't be.

At this point he mentioned about the limitationglué software and that the slope of
the chord can never be equal to 4 but the softweaiees an approximation. He then
guestioned the idea of limit and explained the mdtical definition of derivative
at a point. To do that, Glven asked questions ampte an intuitive understanding
of limit using the software and moved to the matagoal definition of derivative as
the limit of rates of change.

DISCUSSION

Findings above indicated some strength and weakseadghe pre-service teacher in
integrating technology into his formative assesdnpeactice. Guven was successful
at asking technical questions which have two puwpofirst of all, he focused on
technical aspects and how the software perfornaicetasks e.g. how to get smaller
values of rate of change using the slide featur&ebgebra. Second, Guven used
these questions to focus on the mathematical mgamehind what is observed on
the computer screen e.g. the rate of change be8fyad the increment of the slide
becomes 0.1, in other words, the idea of limit. tAis point, Glven used a lot
guestions to promote an intuitive understandindiraft and its relationship with
instantaneous velocity. In that sense, it can bengld that his technical questions
successfully focused on the interaction betweehnieal and mathematical aspects.
More importantly, interview data indicated his aem@ss of using the technical
guestions to promote an understanding of derivative

Although Given used extensive questioning during lesson, he had some
pedagogical weaknesses. For example, he did netenough time to his peers to
interpret the outcomes of the software and discovathematical ideas. He
performed some of the tasks by himself in a stegtbp manner which might yield
to loosing the purpose of the task and dismiss pgotential interplay between
technical and mathematical aspects.

The study had some implications concerning the semidesigned for pre-service
mathematics teachers. As mentioned in the liteeatassessment in general and
assessment in CLE’s in particular have not beenasn focus of teacher training
courses (Dywer, 1998; Heritage, 2007). This studhed to help pre-service teachers
equip with the required knowledge of formative asseent in CLE's. The
workshops focused on how to use questions duriegs®on in CLE’s and pre-service
teachers were encouraged to ask questions on wérat performed by the software
and their mathematical meanings to promote purpbsgfe of technology. The



workshop was effective in the sense that it pra¥ideguideline for pre-service
teachers to use questioning in CLE’s.

This study has also implications at a theoretieatél. Theoretical framework adapted
from Pierce & Stacey (2004) provided a theoretiesls to analyse questioning
practice for formative purposes in CLE's. For aHer study, this framework could
also be used to guide the programs for pre-sexige-service teachers in terms of
how to use questioning in CLE’s.

NOTES

1. This study is part of a project (#107K531) futdy TUBITAK (The Scientific and Technological ResgaCouncil of Turkey).
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