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ABSTRACT 

This paper reports on the preliminary findings of an action research that aimed to 
build mathematics teachers’ capacity in designing and using reliable and valid 
authentic assessments and assessment for learning that meaningfully incorporate 
the use of technology to capture students’ learning of mathematics and 
development of competencies such as critical thinking, complex problem solving, 
communication, and self-directed learning.  Five teachers who taught Grade 6 
mathematics participated in a school-based professional learning community over 
a six-month period.  They employed the criteria for authentic intellectual quality, 
the patchwork text assessment strategy, and the Structure of the Observed 
Learning Outcome taxonomy to design authentic assessment tasks.  To further 
achieve the goals of enhancing student learning, the teachers have adopted the 
Substitution Augmentation Modification Redefinition (SAMR) Model to infuse 
digital learning into the authentic assessment tasks.  The data sources included 
teacher focus group interviews, analyses of the mathematics authentic assessment 
tasks and students’ work, and one-on-one interviews with the teachers and a 
selected sample of students. 
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Integrating Technology into Mathematics Teachers’ Design and Use of Authentic Assessments 

 

Introduction 

In an era of competency-based curriculum and outcome-based reporting, building teachers’ 

capacity in designing and using authentic assessments to support students’ learning and 

development of the 21st century competencies is deemed to be a central priority in teacher 

education and professional development programs.  A further layer of developing students’ 

competencies in the 21st century classrooms also calls for teachers to effectively and 

meaningfully leverage technology into their assessments to create authentic learning environments 

for students.  This necessitates a paradigm shift from conventional paper-and-pencil assessments 

measuring knowledge reproduction and low-order cognitive skills to authentic assessment tasks 

that compel students to exhibit higher-order thinking skills and authentic intellectual capacities 

(Koh & Luke, 2009).   

Teachers require competence in selecting, adapting and designing learning experiences 

that engage learners in Assessment for Learning (AfL).  Embedded in daily teaching and learning, 

AfL strategies are instrumental in supporting and promoting student learning, while encouraging 

dispositions such as self-regulated learning, inquiry, habits of mind, and lifelong learning 

(Stiggins, 2002; Wiliam, Lee, Harrison & Black, 2004). Further, teachers must be equipped with 

the assessment literacy necessary to develop authentic assessment tasks that are well aligned with 

the curriculum, mirroring the real-world tasks and standards of performance experts or 

professionals face in the field (Wiggins, 1989).  

The ubiquitous nature of technology merits its inclusion in the design of robust, authentic 

assessment, if students are to acquire the skills necessary to thrive in a complex, highly 
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technological knowledge-based economy.  Meta-analytic studies of the literature detail the 

profound positive effects of technology-supported learning and assessment in mathematics on 

overall student achievement  (Li & Ma, 2010; Roschelle, Pea, Hoadley, Gordin, & Means, 2000; 

Schacter, 1999a; Kaput & Thompson, 1994). When nested in a constructivist learning 

environment, technology can serve as an instrument for approaching instruction and assessment in 

mathematics differently (Arcavi, 2003; Jonassen, 1996).  Even the most commonplace digital 

tools can support the design and implementation of authentic assessment tasks in order to deepen 

mathematical conceptual understanding and develop key competencies such as creative and 

innovative problem solving, communication, analytic thinking, collaboration and self-directed 

learning (Roschelle et al., 2000). 

Teachers’ professional learning and reflections surrounding their classroom assessment 

practices and technology use improve markedly when they are collectively undertaken with 

colleagues in a collegial, non-threatening setting and are framed by actual evidence of student 

learning (Black & Wiliam, 2009). Likewise, Koehler and Mishra (2008) assert that isolated 

technology-focused workshops held out of context do little to build teacher capacity in technology 

integration; whereas, teachers engage more fully in solving authentic problems surrounding 

technology integration and develop stronger knowledge of technology application when working 

collaboratively in design teams.   

This paper reports on the preliminary findings of a research project that aimed to build 

teachers’ capacity in designing and implementing authentic assessment and AfL, supported by 

technology, through a grass-roots school-based professional learning community (PLC).  The 

criteria for authentic intellectual quality, the patchwork text assessment strategy, and the Structure 

of the Observed Learning Outcome taxonomy were employed to design authentic assessment 
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tasks. To support and enhance student learning, the Substitution Augmentation Modification 

Redefinition (SAMR) Model was employed to inform the integration of digital tools and learning 

into the authentic assessment tasks (Puentedura, 2006). 

Literature 

Shifting Paradigms: Towards Authentic Assessments in Mathematics 

Conventional assessment is widely critiqued for providing an incomplete picture of student 

achievement (Wiggins 1989; Newmann et al. 1996). Similarly, technology-supported mathematics 

assessments are largely computerized tests similar to the conventional written ones (Bennett, 

1998).  These ‘snapshot’ assessments do not provide valid measurements of higher order 

intellectual ability, nor do they inspire the capacities needed to perform real-world tasks (Wiggins, 

1989; Resnick, 1987).  Loveless (2008) maintains that, “[i]f current conventional assessment 

practices in mathematics prevail, with assessment remaining wed to what is easy to measure and 

what has traditionally been taught, reform in school mathematics is not likely to succeed.” (p.14). 

The new forms of assessment needed to prepare 21st century learners call for new kinds of 

expertise among those who develop the tasks.  Teachers are required to improve their assessment 

literacy as defined by Stiggins (1991) in order to deepen their understanding of the principles of 

authentic assessment design and of the authentic intellectual work this demands (Newmann et al., 

1996). Research has shown that teacher improvements in assessment practice has a strong effect 

on student achievements and that when teachers design more intellectually rigorous learning and 

assessment tasks, student work reflects more complex and authentic intellectual capacities (Black 

& Wiliam, 1998a, 1998b; Bryk, Nagaoka & Newmann, 2000; Koh, 2011; Newmann, et al., 1996). 

In mathematics, two basic elements in designing better-quality assessments are: the task 

and the format.  Tasks must be mathematically meaningful, intellectually demanding and rooted in 
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a real-world authentic context to impact student learning outcomes.  Additionally, the assessment 

format has a profound impact on the nature of tasks that can be offered and quality of student 

response.  Assessment formats that leverage Information and Communication Technology (ICT) 

affords unique opportunities enhancing quality of assessment and teaching and learning (Van den 

Heuvel-Panhuizen, 2007). 

Authentic Assessment and Technology in Mathematics 

Technology has significantly influence both the content and pedagogy in schools, driving a shift 

towards active, student-centered, and inquiry-based education that encourages deeper conceptual 

understanding and thinking skills (Glaser, Chudowsky, Pellegrino, Eds., 2001). Becoming 

assessment literate in 21st century classrooms involves developing teacher fluency in technology 

use and integration.  Meta-analytic studies pertaining to technology-supported learning and 

assessment in mathematics fundamentally agree that technology holds immense potential for 

improving student performance provided it is used effectively (Kaput & Thompson, 1994; Li & 

Ma, 2010; Roschelle, Pea, Hoadley, Gordin, & Means, 2000; Schacter, 1999a;). 

Digital tools enrich student learning by supporting the four fundamental characteristics 

needed for effective learning: (1) active engagement, (2) participation in groups, (3) frequent 

interaction and feedback, and (4) connections to real-world contexts (Roschelle et al., 2000). In 

learner-directed classrooms, the collaborative nature of technology incites sharing in the social 

space of the classroom where students learn from ‘more able others’ (Vygotsky, 1978).  Students 

are actively engaged in conversations about mathematical experiences, solutions, relationships, 

and concepts, which promotes greater depth of understanding.  Further, the inherent connectivity 

and interactivity of technology extends these conversations to the real world through Jenkins’ 

(2009) participatory culture of Web 2.0 (Lesh, Hamilton, & Kaput, 2007; Zbiek et al., 2007).  
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Mathematical concepts are encountered in more realistic situations; access to mathematical 

content and real-world contexts further connects students to the mathematics disciplinary 

knowledge.  Students are often required to employ digital tools in learning and assessments in 

“authentic” ways that mirror those of real life disciplines (Li & Ma, 2010). In addition to 

supporting student intellectual engagement, learning and achievement, Information and 

Communications Technology (ICT) can contribute to the design of more authentic mathematical 

assessment and AfL in three ways. First, by making it possible to design and use tasks with high 

intellectual demand. Second, by making tasks more accessible for students. Finally, by revealing 

students’ thinking and solution processes.  Well-designed, technology-enhanced assessment can 

become a tool to grow, exercise and measure the greater depth of knowledge by providing “the 

means to capture students’ knowledge and performance in many different ways, and in an 

authentic environment, and to assess them more robustly and in innovative ways” (Campbell, 

2010, p. 163). When comparing technology adoption in Grade 3-6 mathematics and writing,  

Hare, Ault, and Nileksela (2009) found technology-poor classrooms engaged students in 

reproduction of  factual and procedural knowledge (low level tasks). In contrast, technology-rich 

classrooms engaged students in applied procedural tasks required them to demonstrate higher-

order cognitive skills such as knowledge production, criticism, manipulation, and construction.  

The National Council of Teachers of Mathematics (NCTM, 2000) endorses assessment 

task design that incorporates different representations or lenses through which to interpret 

problems or solutions.  The representational affordance of technology allows the exploration of 

multiple approaches to the same mathematical idea and encourages connections between 

representations to gain a more robust understanding of a concept (Lesh et al., 2007; Roschelle et 

al., 2000; Zbiek et al., 2007). Although mathematics teachers claim to be supportive of technology 
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use in teaching and assessment, the degree and type of use in actual classrooms does not seem to 

correlate. A substantial body of literature has shown that technology is often used in a 

supplemental way, such as for information gathering, production of lesson materials, presentation, 

and acting as a mere substitute for existing classroom tools (Kaput & Thompson, 1994; Li & Ma, 

2010; Roschelle, Pea, Hoadley, Gordin, & Means, 2000; Schacter, 1999a;). 

Researchers asserts that incorporating technology meaningfully into teaching and learning 

requires significant pedagogical shifts.  Technology, alone does not support learning. However, 

research in the field “struggles to tackle the complexity of the integration of the evolving 

technologies. To date, there is no consolidated view of how to integrate technology appropriately 

or effectively into mathematics teaching” (Loveless, 2010).  

Building Teacher Capacity in Authentic Assessment and Technology Integration  

Numerous intervention studies have been conducted beyond the Canadian context that detail how 

sustained forms of professional development build teachers’ capacity in authentic assessment and 

AfL (Koh, 2011; McMunn, McColskey, & Butler, 2004; Sato, Wei, & Darling-Hammond, 2008).  

Researchers found that teacher’s active contributions in the design and implementation of 

authentic assessment tasks and AfL strategies such as formative feedback, and self and peer 

assessment, has significant positive impacts on the quality of student learning and achievement.  

Moreover, utilizing an inquiry stance/method to build teacher capacity facilitates more effective 

teacher learning and professional development (Cochran-Smith & Lytle, 2009; Wyatt-Smith & 

Gunn, 2009).  

Empirical studies in the eastern provinces of Canada have shown that the majority of 

teacher candidates reported a low level of assessment literacy (DeLuca & Klinger, 2010; Volante 

& Fazio, 2007), especially in new forms of assessment such as authentic assessment and AfL.  
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The western provinces of Canada, Alberta included, have moved towards improving teachers’ 

assessment literacy through school-based, professional development based on professional 

learning communities (PLCs).  However, these initiatives have not been altogether successful. 

Sumara and Davis’s (2009) study showed that many of the school-based PLCs had failed to 

produce deep change in school cultures due to a lack of teachers’ bottom-up initiatives.  

In the literature the term “meaningful” technology integration involves selecting the 

“right” digital tool, to support the most effective pedagogy (i.e. constructivist) and purposefully 

aligning these with mathematical content, learning and assessment tasks and intended learning 

outcomes (Ferdig, 2006). Much of the literature focuses on what teachers must do rather than how 

they must do it.  Several unified theoretical and conceptual frameworks exist to guide teachers in 

how to meaningfully leverage technology for assessment and AfL tasks.  These frameworks stress 

the role of teachers as decision makers who design their authentic technology environments alone 

or in collaboration with colleagues (Mishra & Koehler, 2006; Puentedera, 2006).  One popular 

framework is “technological content knowledge” (Slough & Connell, 2006), or “technological 

pedagogical and content knowledge” (TPACK) (Mishra & Koehler, 2006). The SAMR model 

(Puentedura, 2006) chosen for the purpose of this study operates within the TPACK “sweet-spot”, 

was identified by Mishra and Koehler (2006). It provides educators an evaluative framework for 

assessing the integration of technology and its impact on student learning.  The SAMR hierarchy 

(see Figure 1) divides technological innovation into four stages of technology adoption, each with 

progressively greater impact: technology as a direct substitute tool without functional change 

(Substitution); technology as a direct tool substitute with functional enhancements 

(Augmentation); technology as a tool for meaningful task re-design (Modification); and 

technology as a tool for the creation of new tasks, previously inconceivable (Redefinition).  
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Progression through each stage is contingent on user knowledge of integration and tool 

availability.  Learning and assessment tasks within the Substitution and Augmentation stage result 

in the enhancement of learning, meaning the task could reasonably have been completed without 

the use of technology; whereas, tasks within the boundaries of the Modification and Redefinition 

stages lead to the transformation of learning.  In each subsequent stage, the learning and 

assessment tasks, enhanced by technology, increase in intellectual rigor, student engagement and 

authenticity (Puentedura, 2013).   

Technology usage in schools routinely enhances rather than transforms tasks, which 

results in surface learning. The design of authentic assessment tasks requires transformative 

technology integration to provide the ideal conditions for powerful learning. Puentedura (2013) 

cautions educators to focus on the redefinition of authentic task design and processes in a student-

centered learning environment.  Technology is a tool or a means to an end, which supports task 

execution and enable the creation of multiple and effective pathways to learning previously 

inconceivable. 

The clear boundaries and anchors to learning theory inherent in the SAMR model guide 

and support educators to incorporate digital technologies into instructional practice.  The focus on 

sequential technology integration facilitates appropriate scaffolding of instruction and assessment 

design.  Further, SAMR provides a dialogue to frame discussion around, and evaluate, if digital 

tools have meaningfully transformed student learning and assessment.   

Context of the Study 

The implementation of the Alberta Initiative for School Improvement (AISI) in the last decade has 

documented glimpses of the evidence of AfL on student achievement.  In 2013, the provincial 

government ended AISI funding for schools. Despite the AISI initiatives, the Alberta Student 



	   10 

Assessment Study (Weber, Aitken, Lupart, & Scott, 2009) identified three main barriers to student 

assessment in the Alberta education system: teachers’ weak understanding of fair assessment 

practices; teachers’ lack of understanding of external or perceived “high-stakes testing” purposes; 

and the effects of inappropriate assessment of at-risk students.  Many teachers’ assessment design 

favored rote memorization techniques over those that promoted deep learning and student 

engagement.  Two additional pilot programs, namely the Emerging Technologies in the 21st 

Century initiative and The Technology and High School Success (THSS) initiative aimed to 

improve best practice in classroom technology implementation by demonstrating the innovative 

ways digital tools can improve students’ learning experiences and 21st century skills (Alberta 

Education, 2010).  However, over the course of two years, the researchers noted little evidence of 

any real change towards building system capacity in order to advance technology integration into 

teaching and learning to advance 21st century skills.  

Purpose of the Study 

Employing a critical inquiry approach and several pertinent frameworks, this research project 

aimed to build teacher capacity in the design and use of reliable and valid assessments and 

assessments for learning, while further leveraging technology to impact and capture students’ 

learning in mathematics.  During bi-weekly meetings held in a school-based professional learning 

community (PLC), five Grade 6 mathematics teachers actively engaged in a critical inquiry of 

their conceptions surrounding authentic assessment, AfL, and assessment task design, as well as 

their knowledge of technology integration and its inherent benefits for student learning and 

achievement.   

  A university researcher and a lead teacher co-facilitated critical reflections and 

professional conversations about task complexity and knowledge demands through the application 
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of assessment criteria and standards.  A set of reflective question topics were found to be useful 

for enabling teachers to consider the features of quality assessment: (1) alignment with 

curriculum; (2) intellectual challenges and engagement; (3) assessment scope and demand; (4) 

language used to communicate the task; (5) literate capabilities involved in doing and completing 

task; (6) performance contexts; (7) knowing what is expected both during and on completion of 

the task; (8) student self-assessment for improvement; and (9) intended purposes of assessment 

information (Wyatt-Smith and Gunn, 2009).  Additionally, the SAMR model, an evaluative 

framework for assessing the integration of technology and its impact on student learning, was 

employed.  Professional discourse focused on how technology could be leveraged to augment 

real-world authenticity of assessment design thereby enhancing student engagement and learning.  

The specific objectives of the research were threefold:  

(1) To examine the mathematics teachers’ conceptions of authentic assessment and assessment for 

learning before and after their engagement in designing authentic assessments;  

(2) To examine the effects of the mathematics authentic assessment tasks on students’ learning of 

mathematics and development of competencies; and  

(3) To examine the benefits and challenges of integrating technology into the mathematics 

authentic assessments. 

Designing Authentic Assessment Tasks 

During the first PLC meeting, the five teachers including the lead teacher were involved in critical 

inquiry of their conceptions of authentic assessment and AfL.  They were also involved in 

analyzing the quality of assessment tasks and associated student work samples using two sets of 

criteria for authentic intellectual quality (AIQ, Koh, 2011; Koh & Luke, 2009; Newmann, Marks, 

& Gamoran, 1996).  This activity has enabled the teachers to internalize the criteria for AIQ and 
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the features of authentic assessment.  Using the design principles of authentic assessment, the 

criteria for AIQ, the Patchwork Text Assessment strategy, and the Structure of the Observed 

Learning Outcome (SOLO) taxonomy, the teachers co-designed mathematics performance-based 

tasks for the geometry (i.e., shape, space, and angle) unit of work.  The patchwork text assessment 

strategy enables the mapping of the assessment tasks in the geometry unit to the specific 

instructional objectives across five different levels of the SOLO taxonomy: pre-structural, uni-

structural, multi-structural, relational, and extended abstract.  In short, the mathematics 

assessment tasks provide students with opportunities to engage in mathematical reasoning and 

critical thinking, application of mathematical concepts to solve real-world problems, extended 

communication, collaboration, generation of new knowledge, and making connections to other 

subject areas.  The patchwork text assessment strategy has also enabled the teachers to scaffold 

students’ learning of mathematics using quality feedback across a series of assessment tasks, 

which vary in their levels of cognitive complexity and intellectual challenge.   

As the school is a 1:1 environment, conversations surrounding technology integration began to 

unfold organically.  As the various frameworks were used during the different stages of task 

design, teachers further considered how specific technologies might enhance the intellectual 

quality and rigor of the task design.  In recent years the school has adopted the SAMR model to 

guide and evaluate technology integration.  Through both teacher and student recommendations a 

variety of technologies were identified to support each task along with ideas for implementation.  

Final decisions surrounding the level of technology integration into each task and the overall 

assessment was left to the professional judgment of each individual teacher.  As a result, the 

nature and extent of integration varied.  In one setting, technology was fully integrated into all 
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aspects of the project design.  Some of the technologies and applications leveraged for teaching 

and learning included buy were not limited to: 

• Multi-media and presentation software (powerpoint; prezi; voicethread; i-movie; photo-
booth); 
 

• Learning Management System; Moodle and digital portfolios with teacher, peer and parent 
to encourage feedback loops; 
 

• Web 2.0 tools, GIS-based map sites, websites, blogs, twitter  to grant access to 
participatory culture; 
 

• Augmented Reality Tools: protractors, slope and clinometers; 
 

• Rhinoceros for Mac 5.0: an Autocad based software for 2D and 3D design. 
 

In classrooms, students worked through a series of carefully scaffolded tasks over a 3-week 

period pertaining to a unit on shape and space, with and without the use of technology.  The final 

authentic assessment task culminated in the students designing a garden for their community 

school grounds.  A community expert from the Calgary Zoo’s Grounds for Change facilitated the 

project providing students with feedback towards their final designs.  After the implementation of 

the assessment tasks in classrooms, the participating teachers were trained to judge the quality of 

student work samples in relation to the assessment tasks.  This enabled them to make meaningful 

linkages between quality task design and student learning outcomes. In addition, a focus group 

was conducted with the participating teachers to probe into their conceptions of authentic 

assessment and AfL. A selected group of students was interviewed for their experiences in 

completing the authentic assessment tasks. Some of the students we interviewed had used 

technology in their garden design project.  

Preliminary Findings: Benefits and Challenges 
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The literature indicates that effective technology incorporation into teaching, learning, and 

assessment can have positive impacts on student engagement, participation and collaboration, 

support formative assessment and make authentic real-world connections in mathematics.  

Our preliminary findings indicate that the rich professional conversations over the features 

of high-quality assessment tasks, the criteria for AIQ, the identification of specific instructional 

objectives using the SOLO taxonomy and the ways in which the SAMR model introduce 

transformative technology use into said tasks have shed light on the teachers’ understanding of 

authentic assessment and AfL and how technology can augment authentic task design.  This has 

also led to their collaborative effort to co-design authentic assessment tasks or performance-based 

tasks for the Geometry unit of work with recommendations on how to incorporate technology in a 

transformative manner in the design and implementation phases. 

Teachers’ critical inquiry and analysis of the quality of assessment task features and 

technology integration using the criteria of AIQ and the evaluative SAMR model were found to 

develop “designers’ eyes” so that they are competent to select, adapt, and design well aligned 

assessment tasks and are somewhat more equipped to use technology at the transformative level in 

order to promote students’ learning of mathematics and the essential 21st century competencies.   

Based on our observations, we found that the Geometry unit of work designed by the teachers and 

accompanying recommended digital tools positively impacted the quality of student learning and 

performance.  The intentionality of the PLC reinforced an already-present, constructivist and 

inquiry-based learning environment well suited to supporting students’ engagement and learning 

with technology.  

Where technology was incorporated successfully into the planned tasks and assessments 

the benefits reflected those dominant in the literature on technology and mathematics assessment;  
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(Li & Ma, 2010; Roschelle, Pea, Hoadley, Gordin, & Means, 2000; Schacter, 1999a; Kaput & 

Thompson, 1994). The nature of the technologies used sparked student engagement, particularly 

intellectual engagement. Active student-centered teaching and learning occurred as students took 

the lead in the choosing and implementing technologies.  As purported by the literature digital 

tools were ideally suited to supporting the data-collection, complex analysis, and individualized 

feedback and scaffolding, all features indispensable for AfL and authentic assessment task design 

(Brown, Hinze, & Pellegrino, 2008).  When effectively leveraged technology supported greater 

knowledge construction, conversation, articulation, collaboration and reflection (Jonassen, 1996) 

Through the use of technology, the nature and quality of student assessment tasks were altered 

and teacher expectations of student performance were elevated.  The lens of technology provided 

students a greater number of mathematical representations as well as multiple pathways to learn 

and express their mathematical understanding of geometric concepts.  Student knowledge and 

performance, captured in several ways, revealed higher order thinking, competencies and 

processes otherwise difficult to measure in the absence of technology (Glaser, Chudowsky, 

Pellegrino, Eds., 2001).  The SAMR model served not only as an evaluative tool throughout for 

teachers, the simplicity of the model enabled student use to consider the impact of their 

technology choices.  Student work samples and interviews are currently undergoing analysis 

against the criteria for authentic intellectual quality and against the SAMR framework.  There is 

evidence of technology use at all levels: Substitution, Augmentation, Modification and 

Redefinition.  Although our results are preliminary, a relationship has been noted between 

transformative ICT use and the strong authentic intellectual quality of student work samples.  

Despite the collaborative effort in the redesign of the mathematics assessment tasks 

supported by technology, only some of the recommended strategies and digital tools from the PLC 
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discussions were used in classroom assessment tasks and the level of technology adoption varied 

significantly between classes.  The challenges for technology adoption align with those of Alberta 

Education (2010) and research surrounding barriers to technology integration (Snoeyink & 

Ertmer, 2001).  We found that teachers need to engage more actively in the design of and ongoing 

evaluation and modification of technology use in their own classrooms.  Schools need to build 

time into teachers’ schedules for PLC style professional development and provide adequate 

technical support during implementation preferably from an IT specialist.  The crowded Grade 6 

Alberta curriculum and busy schedules of teachers prompted discussion surrounding the time 

limitations of deeper technology use.  Individual teachers made professional judgments regarding 

the nature and extend of technology adoption as a result. Becker (2000) found that some teachers 

perceive that technology use for classroom and assessment tasks will distract from timeline 

outlined for knowledge dissemination.  However, teachers were less wary if they knew they 

would be provided support.  Another principal barrier was the Grade 6 student Provincial 

Assessment Tests (PATs) in Alberta.  Hegedus & Roschelle (2012) detail how concern over, and 

preparation for, high-stakes state assessments can take precedence over authentic technology 

supported learning and assessment design.  Further, teacher self-efficacy is another challenge 

(Bandura, 1986).  Feeling unprepared to incorporate increasingly complex and unfamiliar 

technological tools in the teaching of mathematics can halt integration (Larreamendy-Joerns & 

Leinhardt, 2006).  Personal comfort levels and not feeling technologically ‘savy’ can directly 

impact the use of instructional technologies in teaching  (Favero & Hinson, 2007; Groves and 

Zemel, 2000).  The lead teacher put several informal supports in place (i.e. a team of student 

experts and professional expert to provide 1-1 support) but, the lack of a more formal, real-time 

and accessible support system stalled ICT adoption.  Finally, research agrees that teachers’ 



	   17 

pedagogical beliefs and attitudes are critical for successful technology adoption (Ertmer, 2005; 

Sugar, Crawley, & Fine, 2004).  Teachers must engage in the “letting go process” and allow 

students to explore and construct their own learning and meanings using technology (Noss &  

Hoyles, 1996).  Only one of the teachers who was involved in our study had additional expertise 

in pedagogic approaches surrounding technology and inquiry integration resulting in higher levels 

of technology adoption in their classroom.  

Given that the benefits of co-designing mathematics authentic assessment tasks rich in 

technology far outweigh the aforementioned challenges, we aim to sustain our school-based PLC 

through a negotiation with the school administrators in terms of allowing the teachers to have 

‘white space’ so that PLC meetings can be held within the normal school hours.  Additionally, the 

school has recently appointed a specialist to support technology integration across the curriculum 

in hopes of addressing some of the findings in this study.  

 

  



	   18 

References 

Alberta Assessment Consortium. (2013).  Performance assessments. Alberta. Retrieved from 
http://www.aac.ab.ca/PerformanceAssessments.html 

 
Alberta Education (2008). Emerging Technologies in the 21st Century: A Summary of Final 

Reports.  Retrieved from: https://education.alberta.ca/media/823917/etreport.pdf 
 
Alberta Education (2011). Framework for student learning: Competencies for engaged thinkers 

and ethical citizens with an entrepreneurial spirit. Alberta. Retrieved from: 
http://globeclassroom.ca/userfiles/Alberta_Framework.pdf 

 
Alberta Education (2012).  Technology and High School Success: Final Report. Retrieved from: 

https://ideas.education.alberta.ca/media/72586/technology_and_high_school_success_final_re
port.pdf 

 
Alberta Education (2013).  Learning and Teaching Policy Framework. Retrieved from: 

https://education.alberta.ca/media/7792655/learning-and-technology-policy-framework-
web.pdf 

 
Arcavi, A. (2003). The role of visual representations in the learning of mathematics. Educational 

Studies in Mathematics, 52(3), 215-241. 
 
Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. Prentice-

Hall, Inc. 
 
Becker, H. J. (2000). Findings from the teaching, learning, and computing survey. education 

policy analysis archives, 8, 51. 
 
Bennett, R. E. (1998). Reinventing Assessment. Speculations on the Future of Large- Scale 
Educational Testing. A Policy Information Perspective. 
 
Black, P., & Wiliam, D. (2009). Developing the theory of formative assessment. Educational 

Assessment, Evaluation and Accountability (Formerly: Journal of Personnel Evaluation in 
Education), 21(1), 5-31. 

 
Black, P., Harrison, C., Lee, C., Marshall, B., & Wiliam, D. (2003). Assessment for    
learning: Putting it into practice. Buckingham, UK: Open University Press. 
 
Black, P., & Wiliam, D. (1998a). Inside the black box. Raising standards through classroom 

assessment. Phi Delta Kappan, 80 (2), 139-148.  
 
Black, P., & Wiliam, D. (1998b). Assessment and classroom learning. Assessment in Education, 5 

(1), 7-74. 
 



	   19 

Brown, J. E., Hinze, S. R., & Pellegrino, J. W. (2008). Technology and formative assessment. In 
Good, T. L. (ed.). 21st Century Education: A Reference Handbook. Thousand Oaks, CA: 
Sage Publications. 

 
Bryk, A. S., Nagaoka, J. K., & Newmann, F. M. (2000). Chicago classroom demands for 

authentic intellectual work: Trends from 1997-1999. Chicago: Consortium on Chicago 
School Research. 

 
Campbell, A. (2010). Digital forms of assessment: Assessing what counts, the performance.  In 

C.H. Steel, M.J. Keppell, P. Gerbic & S. Housego (Eds.), Curriculum, technology & 
transformation for an unknown future. Proceedings ascilite Sydney 2010 (pp.159-163). 
Retrieved from: http://ascilite.org.au/conferences/sydney10/procs/Campbell-poster.pdf   

 
Clifford, Pat and Friesen, S. (2001). The stewardship of the intellect: Classroom life, educational 

innovation and technology. In Issues in the Integration of Technology into Teaching, 
Learning, and School Culture(s). B. Barrell (Ed.). Detselig Enterprises Ltd. 

 
Cochran-Smith, M., & Lytle, S. L. (2009). Inquiry as stance: Practitioner research for the next 

generation. Teachers College Press. 
 
DeLuca, C., & Klinger, D. A. (2010). Assessment literacy development: Identifying gaps in 

teacher candidates’ learning. Assessment in Education: Principles, Policy & Practice, 17(4), 
419-438. 

 
Ertmer, P. A. (2005). Teacher pedagogical beliefs: The final frontier in our quest for technology 

integration?. Educational technology research and development, 53(4), 25-39. 
 
Favero, M. D., & Hinson, J. M. (2007). Evaluating instructor Technology integration in 

community and technical colleges: A performance evaluation matrix. Community College 
Journal of Research and Practice, 31(5), 389-408. 

 
Ferdig, R. E. (2006). Assessing technologies for teaching and learning: understanding the 

importance of technological pedagogical content knowledge. British Journal of Educational 
Technology, 37(5), 749-760. 

 
Glaser, R., Chudowsky, N., & Pellegrino, J. W. (Eds.). (2001). Knowing What Students Know: The 

Science and Design of Educational Assessment. National Academies Press. 
 
Groves, M. M., & Zemel, P. C. (2000). Instructional technology adoption in higher education: An 

action research case study. International Journal of Instructional Media, 27(1), 57. 
 

Guskey, T. R. (2002). Professional development and teacher change. Teachers & Teaching, 8(3/4), 
381-391. 



	   20 

Hare, J. C., Ault, M., & Nileksela, C. (2009). Technology rich classrooms: Effect of the Kansas 
model. Presentation at the National Meeting of the National Educational Computing 
Conference (NECC), Washington, DC.  

Hattie, J. (2003). Teachers make a difference: What is the research evidence? Paper presented at 
the Australian Council for Educational Research Annual Conference on Building Teacher 
Quality. Melbourne, Australia.  

 
Hattie, J., & Timperley, H. (2007). The power of feedback. Review of Educational Research, 77, 

81-112. 
 
Hegedus, S., & Roschelle, J. (2012). Highly Adaptive, Interactive Instruction. Digital teaching 

platforms: Customizing classroom learning for each student, 103. 
 
Jacobsen, M., Lock, J., & Friesen, S. (2013). Strategies for ENGAGEMENT. Education Canada, 

53(1), 14. 
 
Jenkins, H. (2009). Confronting the challenges of participatory culture: Media education for the 

21st century. MIT Press. 
 
Jonassen, D. (1996), Computers in the Classroom: Mindtools for Critical Thinking. Englewood 

Cliffs, NJ: Prentice-Hall 
 
Kaput, J. J., & Thompson, P. W. (1994). Technology in mathematics education research: The first 

25 years in the JRME. Journal for research in mathematics education, 676-684. 
 
Kaput, J., Noss, R., & Hoyles, C. (2002). Developing new notations for a learnable mathematics 

in the computational era. In L. D. English (Ed.), Handbook of international research on 
mathematics education (pp. 51-75). Mahwah, NJ: Lawrence Earlbaum Associates. 

 
Kaur, B., & Wong, K. Y. Yearbook 2011, Association of Mathematics Educators. 
 
Koh, K. (2011). Improving teachers’ assessment literacy through professional development. 

Teaching Education, 22(3), 255-276.  
 
Koh, K., & Luke, A. (2009). Authentic and conventional assessment in Singapore schools: An 

empirical study of teacher assignments and student work. Assessment in Education: Principles, 
Policy & Practice, 16(3), 291-318. 

 
Koehler, M. J., & Mishra, P. (2008). Introducing tpck. Handbook of technological pedagogical 

content knowledge (TPCK) for educators, 3-29. 
 
Larreamendy-Joerns, J., & Leinhardt, G. (2006). Going the distance with online education. Review 

of educational research, 76(4), 567-605. 
 
Lesh, R., Hamilton, E., & Kaput, J. (2007). Foundations for the future in mathematics education. 



	   21 

 
Li, Q., & Ma, X. (2010). A meta-analysis of the effects of computer technology on school 

students' mathematics learning. Educational Psychology Review, 22(3), 215-243. 
 
Loveless, T., & TIMSS International Study Center. (2007). Lessons learned: What international 

assessments tell us about math achievement. Washington, D.C: Brookings Institution Press 
Washington, D.C. 

 
McMunn, N., McColskey, W., & Butler, S. (2004). Building teacher capacity in classroom 

assessment to improve student learning. International Journal of Educational Policy, 
Research, & Practice, 4(4), 25-28. 

National Council of Teachers of Mathematics. (2000). Principles and standards for school 
mathematics. Reston, VA. 

Newmann, F, M., Marks, H. M., & Gamoran, A. (1996). Authentic pedagogy and student 
performance. American Journal of Education, 104, 280-312. 

 
Noss, R., & Hoyles, C. (1996). Windows on mathematical meanings: Learning cultures and 

computers (Vol. 17). Springer Science & Business Media. 

Puentedura, R. (2006, November 26). Transformation, Technology, and Education. [Web log 
post].  Retrieved from: http://hippasus.com/resources/tte/  

Puentedura, R. (2009, February 4). As We May Teach: Educational Technology, From Theory 
Into Practice. [Web log post]. Retrieved from: 
http://www.hippasus.com/rrpweblog/archives/000025.html 

Puentedura, R. (2013, October 28).  SAMR, STEM and Assessment. [Web log post]. Retrieved 
from: 
http://www.hippasus.com/rrpweblog/archives/2013/10/28/SAMR_STEM_Assessment.pdf 

Roschelle, J. M., Pea, R. D., Hoadley, C. M., Gordin, D. N., & Means, B. M. (2000). Changing 
how and what children learn in school with computer-based technologies. The future of 
children, 76-101. 

 
Sato, M., Wei, R. C., & Darling-Hammond, L. (2008). Improving teachers’ assessment 

practices through professional development: The case of National Board 
Certification. American Educational Research Journal, 45(3), 669-700. 

 
Sadler, R. (1998).Formative assessment: Revisiting the territory. Assessment in Education: 

Principles, Policy & Practice, 5, 77-84. 
 
Schacter, J. (1999a). The impact of technology on student achievement: What the most current 

research has to say. New York: Milken Exchange on Educational Technology, Milken 
Family Foundation. 



	   22 

 
Schacter, J. (1999b). "Does Computer Technology Improve Student Learning and Achievement? 

How, When, and under What Conditions?". Journal of educational computing research 
(0735-6331), 20 (4), 329. 

 
Scott, S., Webber, C. F., Lupart, J. L., Aitken, N., & Scott, D. E. (2014). Fair and equitable 

assessment practices for all students. Assessment in Education: Principles, Policy & 
Practice, 21(1), 52-70. 

 
Slough, S., & Connell, M. (2006, March). Defining technogogy and its natural corollary, 

Technogogical Content Knowledge (TCK). In Society for Information Technology & 
Teacher Education International Conference (Vol. 2006, No. 1, pp. 1053-1059). 

 
Snoeyink, R., & Ertmer, P. A. (2001). Thrust into technology: How veteran teachers respond. 

Journal of educational technology systems, 30(1), 85-111. 
 
Stiggins, R. J. (1991). Facing Challenges of a New Era of Educational Assessment. Applied 

measurement in education, 4(4), 263-273. 
 
Stiggins, R. J. (2002). Assessment crisis: The absence of assessment for learning. Phi Delta 

Kappan, 83(10), 758-765.  
 
Sugar, W., Crawley, F., & Fine, B. (2004). Examining teachers' decisions to adopt new 

technology. Journal of Educational Technology & Society, 7(4), 201-213. 
 
Van den Heuvel-Panhuizen, M., & Becker, J. (2003). Towards a didactic model for assessment 

design in mathematics education. In A.J. Bishop, M.A. Clements, C. Keitel, J. Kilpatrick, & 
F.K.S. Leung (Eds.), Second international handbook of mathematics education  (pp. 689-
716). Dordrecht: Kluwer Academic Publishers.  

 
Van den Heuvel-Panhuizen, M. (2007). Changes in purpose, content and format: Trends in 

assessment in mathematics education. In B. Choksi & C. Natarajan (Eds.), The epiSTEME 
Reviews, Volume 2, Research trends in science, technology and mathematics Education  
(pp. 241-266). New Delhi, India: Macmillan. 

 
Volante, L., & Fazio, X. (2007). Exploring Teacher Candidates' Assessment Literacy: 

Implications for Teacher Education Reform and Professional Development. Canadian 
Journal of Education, 30(3), 749-770. 

 
Vygotsky, L. (1978). Interaction between learning and development. Readings on the development 

of children, 23(3), 34-41. 
 
Wiggins, G. (1989). A true test: Toward more authentic and equitable assessment. Phi Delta 

Kappan, 70(9), 703-713. 
 



	   23 

Wachira, P., & Keengwe, J. (2011). Technology integration barriers: Urban school mathematics 
teachers perspectives. Journal of Science Education and Technology, 20(1), 17-25. 

 
Wiliam, D., Lee, C., Harrison, C., & Black, P. (2004). Teachers developing assessment for 

learning: impact on student achievement. Assessment in Education, 11(1), 49–65. 
 
Wyatt-Smith, C., & Gunn, S. (2009). Towards theorising assessment as critical inquiry. In 

Educational Assessment in the 21st Century (pp. 83-102). Springer Netherlands. 
 
Zbiek, R. M., Heid, M. K., Blume, G. W., & Dick, T. P. (2007). Research on technology in 

mathematics education: A perspective of constructs. Second handbook of research on 
mathematics teaching and learning, 2, 1169-1207. 

 


