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Abstract

This article describes the multiple intelligences profiles of high school students with low math skills. Specific curriculum and instructional suggestions are made to enhance the math skills of these students using a multiple intelligences-inspired "strengths vs. deficits" approach. This study involved all 215 ninth grade students at a suburban high school who completed state mandated achievement tests and also the Multiple Intelligences Developmental Assessment Scales (MIDAS). Thirty-four students (twelve girls and twenty-two boys) scored in the Basic range on the math achievement test. Their highest MIDAS scales were Musical and Interpersonal. Instructional approaches that make use of "bridging" and "compensatory strategies" based on both cognitive and neuroscience findings are highlighted.
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Math achievement can be a crucial to obtaining success both in school as well as in life. Students who struggle with math will generally not pursue post-secondary education and may even be ‘at risk’ for dropping out of high school and a life of poverty (Barton, 2005; Orfield, 2004). By the time a child who struggles with math reaches high school the chances are good that s/he has endured years of traditional math instruction and tutoring that has failed. The school knows it. The child knows it and so do the parents. A defining characteristic of "at risk" youth is a sense of hopelessness that they are too stupid to pass advanced classes. This hopelessness is magnified when they cannot imagine themselves assuming a valued adult role in an increasingly technological society that requires quantitative reasoning skills and complex problem solving. 


Many schools and teachers around the world have embraced the idea of multiple intelligences (MI; Gardner, 1983, 1993; Kornhaber, 2004; Sternberg, 1996) because it offers an alternative perspective that low math skill students are not “stupid and hopeless.”  Using a unique definition of intelligence
 and eight criteria,
 Howard Gardner (1983, 1993) reviewed a wide variety of scholarly and scientific research domains to conclude that there are at least eight distinct and qualitatively different intelligences possessed by all people, but in varying degrees of strength: Linguistic, Logical-mathematical, Musical, Spatial, Kinesthetic, Naturalist, Interpersonal and Intrapersonal (Appendix 1). 


Critics of MI theory have long argued that there is no empirical support for the belief that MI inspired curriculum and instruction improves student performance (Sternberg, 1994; White, 2004). Some researchers have found that the adoption of an MI perspective is helpful for increasing student enthusiasm in the classroom, but the challenge is to transfer this enthusiasm along with the use of MI strengths-based instruction into improved academic performance (Chen, et al, 1998; Hall-Haley, 2004). Other surveys report that the school-wide adoption of MI ideas enhances many aspects of the school experience including academic achievement, but much of this research produces general recommendations (Campbell & Campbell, 1999) and often requires long-term comprehensive school reform implementation (Kornhaber, et al, 2004). 


A third challenge to the adoption of MI-inspired teaching approaches is that there is not a widely available MI assessment with proven reliability and validity that individual teachers as well as administrators can use efficiently for designing “personalized instruction.” A primary tenet motivating MI-inspired instruction is that it promotes strengths-based instruction, which, of course, requires that teachers are able to accurately assess, value and use each student’s MI strengths (Viens & Kallenbach, 2004).  







Method


As mandated by state law all two hundred and fifteen eighth grade students (123 males and 91 females) at a suburban middle school completed the Ohio Achievement Tests in Reading and Math in March of their eighth grade. The students then completed the Multiple Intelligences Developmental Assessment Scales (MIDAS; Shearer, 1996) early in the ninth grade as part of their career exploration guidance program. The following results are drawn from this study that examines the multiple intelligences profiles of students with varying levels of reading and math skill. It was found that there are distinctive profiles of MI abilities for groups of students with high, moderate and low reading and math skills (Shearer, 2006).


The following report provides additional detail regarding the MI characteristics of the students who scored in the lowest range on the math test. It addresses the need for making specific connections between both individual and student group MI profiles and practical math enhancement learning strategies. Two specific questions are addressed here regarding the students with low math test scores. First, what are the unique MI profile characteristics of students with low math skills; and second, what are the instructional implications of their MI profiles?

Results

Thirty-four of the total 215 students scored in the Basic range on the math achievement test. This group consists of twelve girls and twenty-two boys. Eleven of the boys were previously identified with a Specific Learning Disability. This group scores near the low range on the MIDAS Logic-math main scale (39%) as well as the Everyday Math and School Math subscales, but their Problem Solving and Logic Games subscales are in the moderate range
 (Table 1). Definitions of the eight MIDAS main scales and 26 subscales are provided in Appendix 1. 

______________________________________________________________________________

Table 1

Logical-mathematical Subscales Mean Scores

______________________________________________________________________________

Subscale

      m

	Problem solving
	56%

	Logic Games 
	43%

	Everyday Math
	32% 

	School Math
	23%


______________________________________________________________________________

Low Math Group: n=34. 

______________________________________________________________________________


These results indicate that low skilled math students have difficulty with both the academic as well as informal, everyday uses of mathematics. However, their relative Logical-math strengths are in the moderate ranges for the pragmatic and strategic uses of everyday logical thinking.  

Multiple Intelligences Main scales


The two highest MI scales for the low Math students are the moderate mean scores (both 53%) on the Musical and Interpersonal scales.  These are followed by nearly equal means for the Spatial, Kinesthetic and Linguistic scales. Not surprisingly, this low Math group scored lowest on the Logical-mathematical (39%), Intrapersonal (44%) and Naturalist (43%) scales (Table 2). 

______________________________________________________________________________

Table 2

MI Main Scales Mean Scores

______________________________________________________________________________

Main Scale



    m 

	Musical
	53%

	Interpersonal
	53%

	Spatial 
	48%

	Linguistic
	47%

	Kinesthetic
	47%

	Intrapersonal
	44%

	Naturalist
	43%

	Logical-math
	39%



______________________________________________________________________________

Note. MI Scale Scores General Ranges: High = 100 – 60; Moderate = 59 - 40; Low = 39 - 0. 

______________________________________________________________________________


Specific MI strengths identified for this group are musical appreciation, practical problem solving and social understanding (Table 3). 

______________________________________________________________________________

Table 3

Highest MI Subscales Mean Scores

______________________________________________________________________________

Main Scale



   m

	Musical Appreciation
	64%

	Problem Solving
	56%

	Personal Knowledge
	54%

	Sensitivity to People
	53%

	Social Leadership
	52%

	Working with People
	51%

	Persuasive
	50%

	Athletics
	50% 


​​​​​​​​​​​​​​______________________________________________________________________________

Note. n= 34. 

______________________________________________________________________________


Overall, this group’s learning style can best be described as social and emotional emphasizing musical appreciation, social interaction and practical problem solving. This is quite different from the advanced Math group that was characterized as “individual achievement oriented,” but not very different from the moderate group whose strengths were also socially focused (Shearer, 2006).

Discussion

Instructional Implications


What are the instructional implications of the MI profiles of students with low math skills?  Math is an abstract and complex cognitive activity that typically requires intensive direct instruction, effort and practice to master. The ability to think logically and quantitatively is an innate capacity of the normal human brain that is developed through a combination of experience and training. The level of skill attained by an individual depends upon both his/her unique cerebral endowment and environmental forces (Gardner, 1983, 1993). Everyday living and informal instruction will tend to develop practical problem solving skills and logical reasoning while sophisticated math skills are dependent upon direct, formal instruction and practice.   


The Logical-mathematical intelligence as defined by MI theory involves abstracting ideas from objects and events and then manipulating and transforming this information according to logical rules and procedures. According to Piaget’s cognitive theory, children mature through an orderly sequence of stages in their ability to understand and use these abstract concepts (Piaget, 1950). Various math skills more or less parallel this developmental sequence beginning with obtaining object permanence (counting) and culminating in formal operations represented by high school subjects such as Algebra and Calculus. 


As a child progresses in school, s/he encounters math that is increasingly complex, multi-step and abstract (e.g., further removed from actual objectives and practical applications). As with any difficult task, children display varying levels of efficiency in memorization, conceptual understanding and math performance skill. Math instruction generally involves explicit and direct verbal instruction to be followed by practice. Hard work (e.g., memorization of procedures and facts through repetition) along with conceptual understanding of the logic underlying the procedures and their careful performance are the usual prescriptions for achieving math proficiency. 

Direct instruction typically emphasizes the use of the Linguistic and Logical-mathematical intelligences, however, the use of “manipulatives” (objects of various types) is advocated as a means to bridge from concrete operations to the abstract math concepts. The use of manipulatives activates, to a limited degree, the visual-spatial and kinesthetic skills.  Math progresses in difficulty as it involves several multi-step operations (that must be memorized and kept track of) and that are increasingly removed from tangible perceptions and practical implications.


Multiple intelligences inspired instruction makes use of two guiding principles for “indirection instruction.” First, a “strengths vs. deficits” strategy is advocated as means for a child to activate his/her intellectual strengths to “bridge” over cognitive limitations. Second, the art of MI-inspired teaching resides in the teacher’s ability to translate the core elements of one cognitive activity into the functions of another skill set. For example, if a child does not actually understand the “logic” behind the procedures for adding fractions, she may still perform them effectively through memorizing the steps linguistically. Another child, who is strong in visual-spatial intelligence, may be able to mentally “photograph” each step. Other students with kinesthetic strengths may need to mentally “perform” each step in the task and then apply the steps to each fraction problem. 


The use of these indirect math performances is inherently less efficient (slower) and less effective (more error prone) than the direct use of logical thinking procedures. Whether or not they lead to greater conceptual understanding depends upon the skill and frequency with which indirect performances are employed in a variety of situations. Conceptual understanding may be achieved whenever a target skill or concept can be employed effectively in a new and unfamiliar situation. Rote learning is thought to be less flexible and limited to the circumstances and materials with which it was learned. For example, a student may be able to pass addition and subtraction tests in math class, but unable to correctly maintain his/her checkbook.

Principles of Bridge Building 


Learning an abstract, complex skill is most efficient when it is approached via “direct instruction” using the intelligence most related to the target skill to bridge over from what the child does not know or understand to the target skill (for example, learning to read is best taught linguistically; ice skating is best learned kinesthetically, etc.). However, every complex skill involves two or three other intelligences in its effective performance (for example, math performance primarily relies upon Logical-mathematical skills, but skilled performers also involve the Intrapersonal and Interpersonal intelligences; Shearer, 2006). Strengths in these associated intelligences can be activated to help a student to “bridge” over deficits in the target skill (Chen, et al, 1998). For example, an Intrapersonally strong child can use metacognitive activities such as active self-questioning, journaling, summarizing and self-tests of understanding to improve math performance. 


The third level of “bridging” is to guide a student to use any of his/her other MI strengths to enhance performance and memorization of the target skill regardless of how closely (or distantly) related it is to the target. For example, math facts may be memorized musically, through mime, linguistic rhymes and explanations, personal associations or interpersonal meanings. This is often the more difficult process of bridge building that requires creative thinking and an intimate knowledge of both the child’s particular MI strengths as well as an expert’s understanding of the target skill.   
 


Another challenge to the third level of “bridging” between skills is that it requires informed guidance by an outside source (teacher, parent, tutor) or highly developed Intrapersonal skills by the student. Making the creative connections between very different skill sets and then employing them effectively in actual daily practice does not come easily to many students as compared to the relative simplicity of learning a new skill through “direct instruction.” 

Implications of Low Math Students’ Logical-mathematical Subscales


This low math group’s highest Logical-math subscale is Everyday Problem Solving so it is probable that math performance will be enhanced when the target skill is translated into a familiar and practical activity that will engage a child’s problem-solving strengths (Hazzan & Zazkis, 2005). The second highest subscale is Logic Games, which suggests that learning target math skills can be facilitated when embedded in a game that uses strategic thinking. Obviously, this finding accords with the near universal popularity of strategy games such as 20 Questions, Crazy Eights, Checkers, Chess, Go Fish, Poker, Clue, Battleship, etc. 


Practical problem solving usually involves tangible and immediately experienced activities that will engage the child emotionally, bodily and socially. Such multi-modal engagement can provide the experiential ground upon which the “logic” of the math can be comprehended in ways that are motivating (intrinsically interesting) as well as cognitively rewarding by activating the child’s intellectual strengths. 


Curiosity is an innate human trait just sophisticated tool use is a defining human characteristic (although not unique to humans alone). Indeed, the capacity to solve the problems of everyday life and fulfill our needs underlies our success as a species. Humans survived quite well for many millennia without advanced forms of mathematics and even today there are non-industrialized cultures that function well enough without mathematics and even limited counting skills. When advanced math skills are embedded in “real life” activities related to both individual and social survival then it is likely that learning will occur that will be long lasting and “student centered.”  

Multiple Intelligences Strengths and Limitations 


An overall view of this low math skill group's MI strengths suggests that Musical and Interpersonal activities should be given priority when planning the math curriculum. The goal is to help students to actively and intentionally translate math basics, abstract rules and complex operations into musical values / patterns or interpersonal activities that have purposeful meaning in the student’s life.  The high Interpersonal scale suggests that finding complex social problems / situations analogous with the target math skill will be beneficial to these students. 


The highest overall subscale is Musical Appreciation so music may enhance both motivation and cognitive understanding if target math operations can be related to practical musical problem solving. If the “musical problems” are tied to the child’s social-cultural situation then they will gain in motivational value. This could be peer culture of popular music, or music played in the child’s home or other culturally relevant music (national anthem, school song, etc.). This finding accounts for the popularity of the School House Rock series of audio lessons that embed math basics in entertaining songs for children (Schoolhouse Rock Math Rock- CD-ROM). 


 This group’s strengths for social understanding also offers a variety of options for “bridging” between a target math skill and the resolution of complex social problems. These social strengths indicate the need to “humanize” assumptions, operations and purposes of logical and mathematical thinking. These activities will be especially effective with this group if the student’s opinions and feelings (Personal Knowledge) about the activity are also engaged. It will be useful to explicitly review what prior knowledge and experiences with the topic that the each student brings to the task. This helps to build a “personal association” with the target skill. Following task completion, students will likewise benefit from a formal reflection on the learning process identifying thoughts, feelings, challenges, changes and accomplishments. Projecting into the future how the student might someday use the target skill may serve to solidify the new learning (MI math teaching strategies are listed in Appendix 3). 


Of course, the building of these bridges between musical-social activities and abstract math skills and concepts requires a significant amount of high-level creative thinking. Many typical math teachers will find this a challenge because they have never had to think about math “indirectly” due to their strong Logical-mathematical intelligence. Creating MI-inspired math projects and instruction may require a teacher to plan collaboratively with colleagues or the students themselves. A wise teacher will empower students with MI inspired math tips and then guide their creation of their own bridges between their unique strengths and target math skills. 


There is a potential drawback to using an interpersonal activity such as “cooperative learning” to teach math. Because Interpersonal thinking is a strength and preference for these students, interpersonal interaction may be very distracting from the less attractive (and difficult) math task. This can be particularly problematic for those students with low Intrapersonal self-management skills. It may be necessary to provide structured Intrapersonal activities (metacognitive planning worksheets, checklists, study buddies, tip sheets, daily monitoring, 

preview and follow-up reviews) for students with low Intrapersonal skills.  


This group’s low moderate Intrapersonal scale needs to be taken into consideration because self-management and metacognitive skills are strongly associated with effective math performance (Cornoldi, 1997; Shearer, 2006). Low math students may benefit from instruction and guidance that provides “compensatory strategies” for the activation of under utilized Intrapersonal cognitive skills. For example, self-checking, Math Learning Logs, cause and effect questioning, structured note-taking templates, think-pair-share activities, Instant Reflections, My Opinion Speeches, etc. These students will also need explicit guidance for applying their specific MI strengths to the math process because their low Intrapersonal abilities may inhibit their effective use of both bridging and compensatory strategies. 


A low Intrapersonal scale score can also indicate difficulties with stress management, anxiety and emotional reactivity that limit a child’s math effectiveness due to a low tolerance for frustration.

Conclusions


It is interesting that these data highlight the use of practical problem solving, interpersonal skills and musical activities for learning to perform math. These activities all require the student to actively and externally process math procedures and concepts.


The use of Musical appreciation may prove to be the most powerful “bridge to math” because it can incorporate both social / emotional engagement and logical thinking skills. This combination can enhance math learning in a way that is highly motivating and compatible with "teen culture." 


Advanced math is a complex skill requiring the intricate coordination of many areas of the human brain (McCloskey, M., et al, 1991). While there are very well defined cerebral structures responsible for specific tasks within the Logical-mathematical system, there are also associated structures outside the Logical domain that also may contribute to successful math performance—but, perhaps in a “round about” way.   For example, it has been found that one strategy involves having the child imagine him/herself as the class “math whiz” during test taking. This could have two beneficial effects. This strategy activates Interpersonal awareness so that the child solves math problems by thinking “as if” s/he is highly skilled at it. This can serve to reduce both math and test anxiety and boost self-confidence. These are all helpful for the successful completion of challenging problem solving tasks that require persistence and mental flexibility.   


A limitation for this study is the small sample size that is limited to one suburban predominantly Caucasian school. The MI profiles of low math skilled students from other cultures and backgrounds may be different. It is also necessary to keep in mind that group data does not always directly generalize to specific instructional implications for individuals who have their own unique intellectual profiles. But, these results do provide research support and guidance for the implementation of a "two-layer" strength-based curriculum (Chen, et al, 1998). The first layer addresses whole class needs of students with distinct math skill levels. The second layer then takes into consideration the personal MI profiles of specific students so instruction can be individually tailored. 


Project-based curriculum and instruction that provides multiple entry points into the target skill is often advocated as an effective MI-inspired teaching approach (Hickey, 2004; Campbell & Campbell, 1999: Kornhaber, et al, 2004). Appendix 2 provides a few illustrative examples of how the MI strengths of this low math group can be employed to bolster specific math skills. 


When an MI profile is used in this way to strategically map an MI-inspired curriculum for distinct groups and then makes specific strength-based learning recommendations for students (and parents!) then we'll know in which direction the hope truly lies for overcoming math deficiencies.
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Appendix

Appendix 1.  Definitions of the Multiple Intelligences and MIDAS Scales, Subscales

Musical: To think in sounds, rhythms, melodies and rhymes.  To be sensitive to pitch, rhythm, timbre and tone. To recognize, create and reproduce music by using an instrument or voice. Active listening and a strong connection between music and emotions.

Vocal Ability:  (Vocal) a good voice for singing in tune and in harmony

Instrumental Skill: (Instrumental) skill and experience in playing a musical instrument

Composer: (Compose Music) makes up songs or poetry and has tunes on her mind

Appreciation: (Music Appreciat) actively enjoys listening to music of some kind

Kinesthetic: To think in movements and to use the body in skilled and complicated ways for expressive and goal directed activities. A sense of timing,  coordination for whole body movement and the use of hands for manipulating objects.

Athletics: (Athletics) ability to move the whole body for physical activities such as balancing, coordination and sports 

Dexterity: (Dexterity) to use the hands with dexterity and skill for detailed activities and expressive moment

Logical-Mathematical: To think of cause and effect connections and to understand relationships among actions, objects or ideas. To calculate, quantify or consider propositions and perform complex mathematical or logical operations. It involves inductive and deductive reasoning skills as well as critical and creative problem-solving. 


Everyday Math: (Everyday Math) used math effectively in everyday life 

School Math: (School Math) performs well in math at school 

Everyday Problem Solving: (Problem Solving) able to use logical reasoning to solve everyday problems, curiosity

Strategy Games: (Logic Games) good at games of skill and strategy

Spatial: To think in pictures and to perceive the visual world accurately. To think in three-dimensions and to transform one's perceptions and re-create aspects of one's visual experience via imagination. To work with objects effectively.

Spatial Awareness: (Spatial Aware) to solve problems of spatial orientation and moving objects through space such as driving a car

Artistic Design: (Artistic Design) to create artistic designs, drawings, paintings or other crafts

Working with Objects: (Work w/ Objects) to make, build, fix, or assemble things 

Linguistic: To think in words and to use language to express and understand complex meanings. Sensitivity to the meaning of words and  the order among words, sounds, rhythms, inflections.  To reflect on the use of language in everyday life.

Expressive Sensitivity: (Expressive) skill in the use of words for expressive and practical purposes

Rhetorical Skill: (Rhetorical) to use language effectively for interpersonal negotiation and persuasion

Written-academic: (Writing/Reading) to use words well in writing reports, letters, stories, verbal memory, reading / writing

Interpersonal: 

Social Sensitivity: (Sensitivity) sensitivity to and understanding of other people's moods, feelings and point of view

Social Persuasion: (Persuasive) ability for influencing other people

Interpersonal Work: (People Work) interest and skill for jobs involving working with people

Intrapersonal: 

Personal Knowledge / Efficacy: (Effectiveness) awareness of one's own ideas, abilities; able to achieve personal goals

Calculations: (Calculations) meta-cognition "thinking about thinking' involving numerical operations

Spatial Problem Solving: (Spatial Prob Solve) self awareness to problem solve while moving self or objects through space

Effectiveness: (Effectiveness) ability to relate oneself well to others and manage personal relationships

Naturalist: 

Animal Care: (Animals) skill for understanding animal behavior, needs, characteristics

Plant Care: (Plant Care) ability to work with plants, i.e., gardening, farming and horticulture

Science: (Science) knowledge of natural living energy forces including cooking, weather and physics.

Appendix 2.   A Few Instructional Examples

	Athletics
	Tape record a coach's speech persuading the team that reading the dictionary is a key to winning the championship game. Transcribe this speech.

	Musical Appreciation
	Create song lyrics describing 3 grammar rules. Record these lyrics. Transcribe them. Rewrite each line into a proper sentence and combine the sentences into a paragraph. Notice technical differences between lyrics and a paragraph. 

	Problem solving
	Tape-record a 3 to 5 step solution to fixing a broken object. First, you….then….and lastly… Write this in bullet points. Rewrite as a paragraph or 1 page essay. Can you imagine this as a sales pitch? 

	Working with Objects
	see above. 



	Self Effectiveness
	Tape-record a brief story about a time in your life when you managed to talk your way out of a difficult situation: among friends, at home or at school. 

	Spatial Awareness
	Draw a map from your school to your home using three different colors. Explain how to follow you map and what the different colors mean to a friend and tape record it. Have your friend do the same. Transcribe each other's "'Directions to My Home." Rewrite it in your own words and try to improve on it. 

	Artistic Design 
	Looking at a favorite object / picture / painting….use three to five sentences to describe it with as much detail as possible in each sentence. Tape-record and transcribe.  

	Animal Care
	Imagine that you own a talking dog/cat/gold fish that is overweight and is on a strict diet. What three sentences would your pet use to persuade you to feed it more food? Record, transcribe. 


Appendix 3. Multiple Intelligences Inspired Reading Skill Strategies

Strengths: Kinesthetic and Spatial 

Specific Skills:

1. Athletics: 


- Games that require reading cards, signs, instructions 


- Orally verbalize the thoughts and motions of a baseball pitcher as he is throwing the ball 


- Vocabulary Twister 


- Read the card and do the movement as instructed 

2. Musical Appreciation 


- School House Rock songs / videos


- Listen to a tune and write a song lyric


- Memorize grammar rules to tune / rhyme 

3. Problem-solving / Working with Objects: 


- Create 3-D models and write an Instruction page


- Build a multi-room diorama and tape record a “murder mystery” that took place with 4 characters and what they were doing in each room. Transcribe the recording.  

4. Spatial Awareness / Artistic Design

- Create a “travel brochure” to your fantasy island (see 3-D model above) using this week’s vocabulary or spelling words or grammar rules  


- See diorama above. 


- Mind map the plot to a complex story. 

5. Animal Care

- Create a “How to Care for Your Gerbil” booklet using this unit’s literary theme


- Explain how a “hunting dog” would go about finding a story’s plot, hero &theme.  

- Imagine a pack of puppies going on an adventure. Describe each puppy’s personality, map the plot and then the “moral to the story.”
� "Intelligence is a bio-psychological potential to process information in certain ways, in order o solve problems or fashion products that are valued in a culture or community"- H. Gardner, June 24, 2002 at Harvard Grad. School of Education.


� The eight criteria used to identify the intelligences are: 


1-  identifiable cerebral systems 


2-  evolutionary history and plausibility


3-  identifiable core operation or set of operations


4-  meaning that can be encoded in a symbol system 


5-  a distinct developmental history & mastery or “expert” levels


6-  existence of savants, prodigies and exceptional people


7-  evidence from experimental psychological tasks


8-  psychometric findings


               Another important factor not explicitly included as one of the criteria is "cross-cultural evidence". 





� MIDAS scale scores are reported as simple percentages from 0 – 100%. Criterion validity studies indicate the following general categories for score interpretation: 100 – 80= Very High; 79 – 60= High; 59 – 40= Moderate; 39 – 20= Low; 19 – 0= Very Low. 





